Small Applications Technology Satellite (SATS) by unknown
r"­
- ( O E 
OR0AD NUMBER) (~ i 
SRICE
oIdNVa 
https://ntrs.nasa.gov/search.jsp?R=19710025557 2020-03-23T16:13:13+00:00Z
NOTICE 
THIS DOCUMENT HAS BEEN REPRODUCED FROM 
THE BEST COPY FURNISHED US BY THE SPONSORING 
AGENCY. ALTHOUGH IT IS RECOGNIZED THAT CER-
TAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RE-
LEASED IN THE INTEREST OF MAKING AVAILABLE 
AS MUCH INFORMATION AS POSSIBLE. 
C LL 
JP' 
12 ­
.UjA-
-070 
F _9R USOFFPICIAJ O 
SMALL APPLICATIONS TECHNOLOGY SATELLITE
 
SATS
 
INTERIM STUDY REPORT
 
M-AY 1970
 
GODDARD SPACE FLIGHT CENTER
 
GREENBELT, MARYLAND 
OR OFFICI t i 
ACKNOWLEDGEMENTS 
This study and report was a team effort of Goddard Space Flight 
Center. Some of tfose Who contributed are noted here. 
Em-l VT. Hymowitz -,Study Manager 
Joseph H. Con - Assistant Study Manager 
Warren A. I-onis, Dr. - Study Scientist 
J. Michael Balderston - Systemn Engineer 
William S. West. Dr. - Consultant 
R. Falwell J. Lndston 
R. Groves E. Moyer 
W. Grubl 14. Norris 
R. Gunron M. Schneebaum 
R. Hoffman J. Scobey 
P . Iillone 
Applications Working Groups 
Group Chairman 
C o r ni cations S Gubin 
Navigation C. Laughlin
 
Geodesy F. Vonbun, Dr.
 
Meteorology W. Bandeen
 
Eartl Resources WT. Nordberg, Dr.
 
Note is made of informal contacts with personnel of the following
 
organizations:
 
Aerojet General Lockheed Missiles & Space 
Fairchild Hiller NASA Headquarters 
Hughes Aircraft Company North American 
ithaco Northrop 
Langley Research Center RCA 
Lewis Research Center SAL/ISO 
Lincoln Laboratories TRV7 
LTV University of Maryland 
ii 
TABLE OF CONTENTS 
Page 
1.0 INTRODUCTION AND STUDY SUMMARY ................ 1...I
 
1.1 Introduction ..................... ............ I
 
1.2 Study Sum nary ..... .............................. 9
 
Z.0 RATIONALE ........ ................................. 4
 
Z. 1 Space Task Group Report ................................ 4
 
2.2 Sumnmer Study on Space Applications, NAS ............ 4
 
Z.3 Testimony Before Congressional Committees ......... 7
 
2.4 Public Support of Applications Programs ................. 7
 
Z.5 Summ ary .... ............ .......... ............ 7
 
.3.0 PROGRAM OBJECTIVES AND JUSTIFICATION ............. 8
 
3.1 Program Objectives ................................... 8
 
3.2 Program Justifications ............................. 9
 
3.3 Rea1 osi of SATS To zOsrvatory Pro"r~in11 
4.0 EXPERIMENT SURVEY .................................... i
 
4.1 Background ....................................... 11
 
4.Z Illustrative Experiments ................................ 12
 
4.3 Parametric Results .................................... 13
 
4.4 Dedicated Payload .................................... 13
 
5.0 PROGRAM AND SPACECRAFT CHARACTERISTICS ...... 18
 
5.1 Desired Spacecraft Characteristics ..................... 18
 
5.1.1 Standard Spacecraft ............................. 18
 
5.1.2 Other Characteristics ........................... z0
 
5.2 Existing Spacecraft Designs .................... ?3
 
5.2.1 Small Astronomy Satellite .......... ........ 255..... 

5.Z.Z TIROS/TOS ..... ....... ................ . . 25
 
5.2.3 TIROS-Iv/ITOS ............................... . 25
 
iii 
I 
TABLE OF CONTEITS (Continued) 
Page 
5.2.4 Intelsat-II ........ Z7
2...................... 

5.2.5 Small Explorers ............................... Z7
 
5.2.6 Small Scientific Satellite ........................ 27
 
5.2.7 LES Series ..................................... Z.
 
5.Z.8 OV Series ...................................... Z8
 
5.2o9 Piggybacks ..................................... 28
 
5.3 Veh3cle Capability and Orbital Characteristics ........ 29
 
5.3.1 Vehicle Performance ........................... Z9
 
5.3.2 Alternate Orbits ................................ 38
 
5.4 SATS Spacecraft Design Concepts....................... 45
 
5.4.1 Systems and Subsystems Discussion ............ 45
 
5.4.Z' Configuration Concepts ........................ 56
 
5.5 Reliability, Quality Assurance, and Testing ........... 71
 
5.6 srrnated Spacecraft Costs ......................... 7Z
 
5.7 Payload Delivery System Cost Comparison ........... 73.
 
6.0 MANAGEMENT AND SCHEDULING ........................ 74
 
6.1 Management Approach................................. 74
 
6.Z illustrative Pilot Program ............................. 74
 
6.3 Resources ............................................ 75
 
6.3.1 Manpower ...................................... 75
 
6.3.2 Funding ........................................ 76
 
7.0 CONCLUSIONS AND RECOMMENDATIONS ............... 76
 
7.1 Preliminary Conclusions .............................. 76
 
7.Z Preliminary Recommendations ......................... 77
 
8.0 POTENTIAL PROBLEM AREAS .......................... 77
 
8.1 Experiment Selection .............................. ... 77
 
8.2. Pzograr Fhghts Approval .......................... .. 78
 
8.3 The Non-Standard Spacecraft ........................ ... 78
 
iv1 
TABLE OF CONTENTS (Continued) 
Page 
REFERENCES ............................................. 78
 
Appendix A. ILLUSTRATIVE EXAMPLE EXPERIAv1ENTS. A-i
 
Appendix C. COMMENTS ABSTRACTED FROM THE
 
NAS REPORT ..................................... C-I
 
Appendix D. MEMORANDA FROM THE APPLICATIONS
 
Appendix B. COMMUNICATIONS LINK CALCULATIONS ...... B-1
 
WORKING GROUPS ............................... D-1
 
LIST OF ILLUSTRATIONS
 
Figure Page
 
i Applications Experirpent Weight Distribution ............ 5
 
z Applications Experiment Power Distribution .......... 16
 
3 SATS Transmitted Data Flow........................... 24
 
4 Circular Orbit Performance (Scout).................... 31
 
5 Effect of Orbit Inclination on Payload Capability -

Wallops Station (Scout)................................ 32
 
6 Effect of Orbit Inclination on Payload Capability -

WTR (Scout) ........................................... 33
 
7 Delta Performance Circular - ETR ................... 34
 
8 Delta Performance C-rcular Orbit - WTR ............ 35
 
9 Delta Performance Synchronous Transfer Orbit ....... 36
 
v 
LIST OF ILLUSTRATIONS (Cont±nued) 
Figure Page
 
10 SATS Payload Remaining In Circular Parking Orbit ­
Z8.5' Inclination ............... .................... 39
 
11 Optimum Third Stage Sizing ............................ 40
 
1z SATS Payload Remaining In Circular Parking Orbit ­
63.4' Inclination ....................................... 42
 
13 Spacecraft Track In Orbit Plane ....................... 44
 
14 Direct Energy Transfer Power Subsystem ............. 49
 
15 SATS Energy Balance - Noon Orbit.................. 51
 
16 Solar Array Outputs #] for Selected Configurations .... 52
 
17 Solar Array Outputs #2 Including Shadowing ........... 54
 
38 General Configuration .................................. 57
 
19 SA.TS/Scout Configuration fI ........................... 59
 
20 SATS/Scout Vehicle Envelope .......................... 60
 
21 SATS/Delta Configuration #1 ......................... 63
 
zz SATS/Delta Vehicle Envelope .......................... 64
 
23 SATS/Scout Configuration #2'. .......................... 65
 
Z4 OV-3 Configuration .................................... 66
 
Z5 Preliminary Experiment Modu]e Packaging Concept 68
 
Z6 SATS/Delta Piggyback Configuration .................... 69
 
Z7 SATS/P-11-Applicatlop ....... ..................... 70
 
vi 
LIST Or ILLUSTRATIONS (Continued)
 
Figure Page
 
A-I RFI and Muliipath Surveillance RFI Mode ............. A-3
 
A-Z RFI and Multipath Surveillance Multipath Mode ........ A-4
 
A-3 L-Band Aircraft Communications
 
Surveillance /Comnunications Mode.................... A-6
 
A-4 L-Band Aircraft Communications Multipath Mode ..... A-7
 
LIST OF TABLES
 
Table Page
 
A Illustrative Experiments ............................ .... 14
 
B Applicability of Other Spacecrafts to SATS
 
A-i RFI/Multinath Experiment........................... AZ
 
Design Concepts ................................... 26
 
C Delta Synchronous Mission Capability ................... 37
 
D Preliminary SATS Systems Parameters ................. 46
 
E Hard-ware Surnmary .................................... 62
 
F Delivery System Cost Compar3son........................ 73
 
G Spacecraft Launches ................................... 75
 
A-Z L-Band Communications Experiment .................. A-5
 
A-3 Radiative Cooler Instrumentation ..................... A-8
 
vii 
1IST OF TABLES (Continued) 
Table Page
 
A-4 Time/Frequency Standard Satellite .................... A-9
 
A-5 Multispectral image Dissector ...................... A-10
 
B-I VHF Comlunications Link ............................ B-2
 
B-Z S-Band Communications Link ....................... B-3
 
Villo 
FOREWORD 
This is an interin report of the Snall Applications Technology 
Satellite (SATS) study being performed at the Goddard Space F]ight 
Center. The study was requested by a letter of February 26, 1970, 
from the Dleputy Associate Adminstrator for Space Scienre AnpPtd ­
cations (Applications). This report represents the results of the study 
effort through April 1970. Because of the intermm nature of this report, 
and the continuing evaluation and analysis of all facets of the SATS con­
cept, the material presented is subject to change in the final report. 
'As requested in the letter mentioned above, a final report will be for­
warded in August/September 1970. 
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SMALL APPLICATIONS TECHNOLOGY SATELLITE 
SATS 
INTERIM STUDY REPORT 
1.0 	 INTRODUCTION AND STUDY SUMMARY 
1.1 	 introduction 
The 	purpose of the SATS concept is to supplement and support the 
NASA Space Applications Program. It will DIRECTLY AID the progress 
of earth-oriented space applications by expediting the development of 
sensors, experiments, spacecraft technology and systems through orbital 
flight testing of components, subsystems and system parameters. A 
Small Applications Technology Satellite will expedite the launch of ap­
plications instrumentation, enable spacecraft uebhnological experiments 
to be performed and permit in situ measurements necessary for the de­
velopment of systems parameters. Inherent in the SATS concept is the 
standardized, low cosc spacecraft that can be "called-up" and launched 
in a short time. 
The purpose of this study is to develop the SATS program concept 
to the point where management can determine the program benefits to 
be derived. This information is required in support of the OSSA budget­
ary and planning function for FY 1972. This report covers an in-house 
effort conducted along the following guidelines: 
r 
1. 	 Consider the rationale. objectives and justifications for a 
SATS program. 
2. 	 Review potential applications experiments and disciplines for 
SATS flights. 
3. 	 Rev-ew past and present spacecraft for applicability of available 
designs or hardware to SATS. 
4. 	 Analyze time and cost effectiveness of P SATS program relative 
to other programs. 
5. 	 Develop and present alternate SATS spacecraft concepts in­
cluding a pilot spacecraft prograrn. 
I 
6. 	 Perform preimlnlary review of program management iian­
plementation. 
7.," 	 Highlight areas for future study and program effort. 
8. 	 Identify and review potential problem and conflict areas. 
The information and discussion presented in this interim report will 
be further detailed and supplemented in the final report. 
1.2 	 Study Summary 
This summary will highlight the principal results developed in the 
course of the study. 
Lhe SATS concept is rationalized as a key means of supplenmenting 
the Applications Programs. This is complenentary to recent recom­
mendations that NASA increase its efforts in this area. 
The 	principal SATS objective is stated as providing a standardized 
spacecraft to permit early demonstration flights, for test and develop­
ment of technology and experimentation, and to help in defining parame­
ters of nflw systemis. 
The SATS program is justified because it provides an orbital test 
means to evaluate effects of unpredictable phenomena or chose not re­
producible on earth and to verify system concepts not otherwise possible. 
SATS provides direct support of applications system development by 
testing prototype instrumaents, including AAFE experiments. and by 
helping to define future systems. 
'A survey of potential future SATS experiments is discussed together 
with comments of the participating working groups. Parametric results 
of the survey analysis are presented from which data are-made available 
for spacecraft requirements and the designs developed later in the report. 
The spacecraft characteristics desired to meet scated program ob­
jectives are reviewed. Basically, this is to have a standard spacecraft. 
It was concluded decisively that to realize the goal of a standard space­
craft it -wouldbe necessary to define and control the interface with the 
exerament. This is achieved by specifying the mechanical-electrical 
interface between the spacecraft and a separate experiment module. It 
is also' desired to make as much use as possible of existng hardware 
z 
and spacecraft designs for ease of integration and to minimize develop­
ment costs. 
A number of existing spacecraft designs are reviewed and discussed 
with a view to using concepts or hardware applic able to SATS. Several 
available designs are considered applicable, 
A mission and vehicle analysis is presented to illustrate the capabili­
tLies of the Scout and Delta vehicles for three principal SATS missions: 
low earth orbit, geosynchronous orbit and 12-hour highly elliptical orbit. 
The vehicle capabilities available lead to allowable Scout and Delta 
spacecraft weights of approximately 300 lbs. and 600 lbs., respectively. 
Several SATS spacecraft design concepts are shown, The crucial 
requirenent for a stabilized earth oriented spacecraft is net by using 
an attitude control system based upon a momentum bias system with 
single axis active control about the orbit normal to the local vertical. 
Two SATS/Scout spacecraft configurations are given both of which can 
meet these requirements. A single SATS/Delta spacecraft confliguration 
is shown; a second is being developed. One configuration of a SATS/ 
Delta Piggyback design is presented, and one for the Agena vehicle. 
A discussion of unique SATS considerations of Reliability, Quality 
Assurance, and Testing addresses the differences of shorter lifetime, 
quick reaction, minimum cost and how these would be accommodated. 
Cost estimates are given for SATS spacecraft types; and these are 
compared to existing programs on a payload delivery system cost basis 
($/pound to orbit). 
The Goddard approach to managing a SATS program is discussed 
together with an illustrative SATS Pilot Program. Manpower and funding 
requirements are estimated based on the illustrative program. 
The principal concltsion given is that the SATS concept of a quick 
reaction program using standardized spacecraft may be feasible. Other 
conclusions are that SATS may, in fact. supplement the applbcations pro­
grams, that SATS cost compares favorably with other satellite programs, 
and that no significant new development appears to be required to synthe­
size SATS spacecraft designs from available, flbght proven hardware. 
A iecomnendation is m-ade for continuing study during FY-1971 to 
be ready to support a prospective FY-1972 start. 
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An examination of potential problem areas draws attention to three 
possible trouble areas; They are. (1) the selection of experiments, 
how, by whom 9 , (2) the obtaining of flight approval for several flights in 
advance.(as in Explorers or Sounding Rockets PAD), and (3) the inclusion 
of nonstandard spacecraft in the SATS program-how best to phase in 
with SATS regular program. 
2.0 	 RATIONALE 
The status and future of the national effort in the practical use of 
earth-oriented satellites has been reviewed and documented over the 
past few years. The information below is taken from various task group 
efforts, studies and Congressional hearings. On the basis of recom­
mendations and questions presented by these sources, a clear rationale 
is available for the SATS program. 
2.1 	 Space Task Group Report to the President - September, 1969 
This report was undertaken to provide the President with a recom­
mended direction for the space program following Apollo. 
The 	first recommendation: 
"Increase utilization of space capabilities for services 
to man, through an expanded space applications program." 
The 	last reconmendation: 
"Promote a sense of world conmunity through a 
program which provides opportunity for broad inter­
national participation and cooperation." 
2.2 	 Summer Study on Space Applications - National Academy 
of Sciences Report, 1969 
In 1966, NASA requested the National Academy of Sciences to con­
duct a study on the probable future usefulness of satellites in practical 
earth-oriented applications. The study was to include "... the nature 
and scope of the research and development program beliered necessary 
to provide the technology required to exploit these applications." 
Thirteen technical panels were convened to study the following fields: 
1. Forestry - Agriculture - Geography
 
Z, Geology
 
3. Hydrology 
4. Meteorology 
5. Oceanography
 
6. Sensors and Data Systems 
7. Points-to-Point Communications 
8. Systems for Remote Sensing Information & Distribution 
9. Point-to-Point Communications 
10. Broadcasting
 
iI. Navigation and Traffic Control
 
1Z. Economic Analysis
 
13. Geodesy and Cartography 
The panels worked during the summers of 1967 and 1968 at Woods 
Hole, Massachusetts. The work of each panel was reported to a Central 
Review Committee (CRC), appointed by the Academy, which produced 
the overall report. The following overall conclusions and recornmenda­
tions are excerpted from the CRC Report: 
Conclusions -
I"The benefits from space applications are expected to be large ­
larger than most study participants had originally believed, and certainly 
larger than the costs-of achieving them. We are convinced,, however. 
that an extensive, coherent, and selective program will be required to 
achieve these benefits." 
I 
"The Central Review Committee has taken particular note of the 
present NASA launching schedule for R&D test-bed satellites in -upport 
of space applications in 1970 and thereafter. The average interval bctween 
launches is more than a year for both geosynchronous orbits (ATS 
Program) and low-altitude polar orbits (Nimbus Program). Noting also 
that the program does not now provide for back-up launches, we must 
highlight several serious impications of this schedule." 
"First, and of paramount importance, the possibility is that failure 
of any one launch in such a program can extend to as much as three 
years the interval between opportunities to obtain R&D results from 
space ...... We are convinced that a substantial increase in the present 
schedule of test-bed satellite launches - to at least double - is required 
if many important space applications are to be achieved within the next 
decade." 
"Second, high-calibre scientists and engineers are not challenged by, 
or attracted to, a program the launch schedule of which can only be char­
acterized as 'leisurely.' The kinds of scientists and engineers needed 
for space applications will be attracted by a vigorous program providing 
frequent opportunities to try new approaches... 
"We are convinced that the present space applications program is too 
small by a factor of two or three, if we measure it in the light of the sub­
stantial opportunities that can be pursued effectively ..... Additional 
funding ..... would enable the nation to proceed toward critically needed 
investments in preparation for future operational applications systems. 
NASA would be able to carry certain work through the space-flight 
operational experimental phase, so that both the potentials and the prob-­
lems of future systems could be thoroughly understood." 
Recommendations ­
"NASA should give greater emphasis in its future programs and 
activities to earth-satellite programs with promise of beneficial appli­
cations ......An expanded research and development program and proto­
type operations that will test out the technical capabilities and benefit 
potentials of possible practical applications." 
Abstracts of the Central Review Committee's specific conclusions 
and recomnendations on: R&D, International, Manned and Unmanned 
Flights, Meteorology/Earth-Resources Satellites, Cornunications and 
Navigation, Frequency Utilization and Orbital Spacing are ncluded as 
Appendix D of this report. 
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2.3 	 Testinony Before ubcormimitees of the Corrnittee on Science 
and Astronautics of the Bouse of Representatives 
Information obtained fro'rn a reading of the Commitcee's proceedings*­
substantially reinforces the theme brought cut in the paragraphs above. 
The point is continually developed that the RATE AND RATIO of NASA 
expenditures in support of useful and beneficial applications programs, 
as compared to other sectors of NASA involvement,- is TOO SLOW AND 
TOO LOW. 
2'.4 	 Public Support of -App]ications Program 
An attempt to define the public attitude today toward the expenditure 
of resources for space leads to several pointed questions: 
(1) 	 Is this progr.am required for national /nternational considera­
tions, such as diplomacy, leadership, national capability, etc.? 
(2) 	 How will the public directly benefit from the proposed program 
expenditures ? 
There can be little doubt that most other NASA programs originally 
heneflited from the early "catching up" justification of the manned effort. 
Today, however, each discipline is burdened with its own justification, 
and each program must uniquely identify its raison d'tre. Of all the 
areas of NASA effort, applications can be most credibly justified on the 
basis that predicted accrued benefits, in dollars, will substantially ex­
ceed systems development and operational costs. This is being demon­
strated today by operational communications and meteorological systems. 
Z.5 	 Summary 
On the basis of the high level reports quoted above, on the basis of 
the record of Congressional interest in deriving economically beneficial 
*l. 	 Hearings before the Subcommittee on Space Science and Applications­
Ninety-First Congress: Dec. 16, 17, 18, 19, 1969 (No. 12); First Session 
2. 	 Hearings before the Subcomndittce on Space Science and Applications­
Ninety-First Congress, Oct. 16, 1969, (No. 9) First Session 
3, 	 Report for the Subcominittee on NASA Oversight-Ninetieth Congress-
Secbnd Session, Serial W Dec. 31, 1968 
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payoff from space as quickly as possible, and on the basis that applica­
tions is an area of space expenditure that is capable of being justified in 
in terms of greater dollar output than input, the SATS concept is ration­
alzed as a key means to supplement NASA Applications Programs. 
3.0 'PROGRAIMI OBJECTIVES AND JUSTIFICATION 
3.1 Program Objectives 
The principal SATS progran objective is to provide a STANDARD-
IZED SPACECRAFT to: 
o Provide early demionstration of system practical value. 
e Test technological concepts and devices. 
o Test developmental applications experiments and sensors. 
o Aid definition of parameters for future systems. 
Ancillary objectives considered as necessary requirements of a 
successful SATS program are: 
o A dedicated payload capability. 
o A quick reaction capability. 
e A relatively low cost budget. 
The concept of a standardized spacecraft implies fixed design or 
designs, specified experiment-spacecraft interfaces, ease of manufac­
turing, and ease of experiment integration. 
A dedicated payload capability is deflined as readiness to integrate 
and launch a single experiment payload. Such a payload might be, in 
fact, one experiment or a set of several interrelated sensors or units 
taken as a single experiment. 
A quick reaction capability is the ability to accept available experi­
ment hardware, integrate it with a spacecraft and launch in a time period 
of approximately six months. This is a mcasure of the program time 
effectiveness. 
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A relatively low cost budget is one which compares favorably in 
overall costs with other s-ateJlite programns on a "per pound of delivered 
payload" basis. This is a measure of the program cost effectiveness. 
32 	PrOgram Justifications 
The SATS program can be justified principally for two reasons with 
an assist from other related considerations: 
0 	 PROVIDES ORBITAL TEST SERVICE 
o 	 To evaluate effects of unpredictable phenomena or those 
not reproducible on earth 
o 	 To verify system feasibility concepts not otherwise possible 
o 	 DIRECT SUPPORT OF APPLICATIONS SYSTEMS
 
DEVELOPMENT
 
§ 	 Test AAFE Experiments 
o 	 Testing of engineering and prototype applications sensors 
@ 	 Aid in parametric definition of future systems 
At present there are instances of experiment and sensor perform­
ance in orbit that cannot be readily explained. Obviously, wvlat is re­
quired is the capability to fully instrument the subject equipment for an 
orbital test that can pzovide the necessary information regarding un­
predicted performance. The recent-anornalous behavior of IR radiative 
coolers is one example of a requirement for in situ testing. 
It is not always possible to rully analyze system performance based 
on available knowledge of the effects of a choice of parameters. In some 
cases a part of the system must be exercised in an orbital test. Com­
plete description of phenomena nay not be available or a monitoring 
survey of the phenomena may be indicated. The present need for further 
data on radio frequency interference and multipath phenomena for design 
of the Data Relay Satellite is one example of a requirement'for orbital 
measurement testing to define system parameters. 
The early flight testing of developmental applications experiments, 
components, sensors, etc., can be expected to expedite systems develop­
ment and enhance the worth of data finally returned from flights aboard 
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observatory class spacecraft. Included here, of course, are the experi­
nents now being developed by OSSA under the Advanced Applcations 
.light Experiments (AAFE) Program at Langley Research Center. 
There are several related SATS program benefits that are significant: 
o.-	 The program is cost effective. 
o 	 The SATS launch rate is flexible. 
a 	 Opportunities for international cooperation are increased. 
o 	 The applications programns are provided with an emergency 
quick reaction capability. 
The SATS Program is compared on a payload delivery cost basis, 
in Section 5, with other programs of the observatory class. Paragraph 
6.2 presents a pilot program for ihitiating SATS. It is quite flexible in 
terms of spacecraft launches per year. The program can handle a mix 
of the several types of spacecraft under consideration. 
The availability of a SATS quick reaction capability permits the 
launching, within three to six months, of a back-up experimenc should 
the initial launch prove unsuccessful or the experiment have a short life. 
Such an emergency capability- co-i prevent a delay of one to two years 
in a typical observatory class program which does not normally schedule 
back-up flight spacecraft. 
lZecornrmendations were made both in the President's Space Task 
Group Study and the National Academy of Sciences "Sunner Study" 
(Section J) to the effect that there should be increased cooperation at the 
international level. This is a continuation of'U.S. efforts in this area 
which have been highly successful as an adjunct of national policy. In 
addition, it is considered necessary to involve other countries in the 
burgeoning earth resources effort if it is ever to be acceptable as a 
world-wide system. The SATS program is ideally suited to provide op­
portunities for the foreign experimenter at relatively low cost. The 
spacecraft concepts which are proposed in this report lend themselves 
to a minimization of interface problems and integration effort. 
3.3 	 Relationship of SATS to Observatory Programs 
The nosr obvious means of increasing the pace of the'Application's 
Programs is by increasing the launch rate of the observatory class 
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,spz'Cralto t. o'It,,uv<cr, t._ i-t not inicluded in the present 
in og am pla.n . 
through 1975 which includes Nimbus-E, F, ERTS-A-, B (possibly tbroagh 
E, F), ATS-F, G, SIAS-A. B and NAVSAT-A, B. These plans call for a 
launch spacing of 12 ro 18 months with no back-ups scheduled. Experi­
ments for approved applications programs have been selected, or will be 
selected in the near future. It may be noted that the next opportunity for 
flight aboard an applications spacecraft may be 1976 or later, based on 
the initiation of a study effort for such a program within the next two 
years. However, a FY-1972 SATS start could result in launches begin­
ning in 1973. 
The SATS program adds a new dimension to program planning by 
permitting a flexible launch rate (3 to 6 month centers), at relatively 
low cost, thus supplementing the observatory programs. 
4.0 EXPERIMENT SURVEY 
4.1 Background 
Initially, it was considered necessary to canvass as broadly as 
possible in search of existing experiments of merit that could be flown 
on SATS. it was hoped that sufficient data on users would be developed 
for definiion of mission and system_ parameters. To assist in the sur­
vey, thle effort Included consultation-wich the Li;ve -ApplicatioJ,,s Progrc~a.s 
Working Groups in meteorology, earth resources, communications. 
navigation and geodesy. 
An attempt was made to obtain from the committees discrete candi­
date experiments applicable to SATS. It became apparenr shortly that 
the comnmittees were unable to respond well in this manner. in several 
instances, specific experiments were proposed; however, the most sat­
isfactory committee responses resulted from informal discussions of 
types of missions and areas of experimentation. This information was 
incorporated into the experiment survey, in addition to data from the 
AAFE Program at Langley Research Center and informal proposals from 
Lewis Research Center and NASA Headquarters, OART. The survey 
effort is continuing. 
The purpose of the experiment survey was twofold. First, to de­
termine the extent of experimenter interest and need. Second, to com­
pile experiment and mission parametric data for use in developing space­
craft system concepts. As will be described in the following section, the 
experimenter input by way of the various applications working groups 
II
 
resulted in an expression of interest and need. On the other hand, it 
was understandably short on experiment descriptive detail, since, in 
most cases, one was not describing a specific experiment on a specific 
spacecraft. While this 'information is useful, it is not adequate for sys­
tems design concepts. It was concluded that this problem could be over­
come by making a statistical review of experiments that have been de­
scribed fully for past, present and approved applcations spacecraft. 
This information, as will be shown, is adequate for our purposes, and 
is probably more accurate and definitive than could possibly have been 
obtained from "proposed" experiments. 
4.2 Illustrative Experiments 
The list of experiments in Table A is generalized, and no data is 
offered on size, weight, power requirements, etc. Details of a few 3l­
lustrative experiments are given in .Appendix A. These are included only 
to give some idea of the capabilities of the SATS spacecraft and should 
not be taken as proposing any specific experiment. 
In the course of meetings between the SATS study office and the 
various Applications Working Groups, it became obvious that the term 
'experiment" itself was a hindrance to effective comm-unications. In 
nost people's minds, satellite hardware in the applications area falls 
into three broad categories: operational, as Typified by TOS and 
INTELSAT payloads, developmental, as typified by NIMBUS and ATS 
experiments; and what might be called prototype or flyable preproto­
type. Requests for data on possible experiments were interpreted either 
as (1) no details are available because the experiment has not yet been 
fully conceived, or (Z) it would be improper for us to "propose" experi­
ments because of the formal and proprietary nature of such a orocedure. 
The fact that SATS was principally interested in flying the last of the 
three categories was subsequently accepted by the Working Groups. 
They were then quite responsive in developing appropriate areas where 
SATS could be useful, and in highlighting potential future experiments. 
One of the Working Groups surnmed it up appropriately following a 
discussion meeting with the Study Group as 
"A Rationale for SATS: 
To provide a space environment platform for the quick 
test and evaluation of critical technological or scienific 
devices, components, or concepts that cannot be tested 
adequately and at a lesser cost by the usual means. e.g., 
in a laboratory, on atircr:afr, balloons, rockets, etc." 
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The statement of purpose above indicates the reason why a true list 
of future candidate experiments, other than AAFE. is difficulc to prepare. 
The presently proposed schedule for SATS results in a first flight in the 
middle of CY 1973, and it is unrealistic to attempt to deternine what 
will be "critical technological or scientific devices, components, or 
concepts" that far in the future. 
While the primary purpose of SATS is as shown above, it should not 
be inferred that SATS will provide no capability for testing developmental 
or even operational sensors. The weight, power, and data service that 
is available to the SATS Experiment Module, as discussed in Section 5, 
is sufficient to handle the majority of applications sensors; this will be 
detailed below. However, once the SATS program were initiated and its 
capabilities made known to the applications community, it is anticipated 
that the number of prototype candidates would be large enough to fully 
occupy SATS for some time. 
4.3 Parametric Results 
The list in Table A gives an indication of the range of the potential 
experiments, but is of little help in developing spacecraft parameters. 
Since data on these illustrative future experiments were extremely 
limited, Figures I and 2 were prepared from data on past and present 
experimiefits, in particular those on ATS-I through -5, -F, and -G; 
NIMBUS-i through -4, -E, and -F, SMS-A and -B, ERTS-A and -B; and 
examples from the AAFE Program. Data from approximately 100 ex­
periments were used. 
The preliminary SATS/Scout design, as indicated, c ould accommo­
date 88% of the experiments as regards weight, and 91% as regards 
power. The corresponding figures fbr SATS/Delta are 100%/ and 9576. 
The capabilities of the preliminary designs are discussed more 
fully in Section 5. 
4.4 Dedicated Payload 
In this report a dedicated payload is defined as a single' experiment 
or a set of several closely related experiments considered as a whole. 
The experiment set may be necessary to perform a rigorous test of a 
principal device or it may be required to simultaneously and compara­
tively test the merits of several competing devices. There is also the 
flight test whose principal mission may be to perform a systematic 
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TABLE A. LLUSTRATIN,, EXPEICMENTS
 
COMMUNICATIONS 
RFI Survey Experiments 
Multipath Propagation 
Lightweight Pointed Narrow Beam 
Antennas and Phased Arrays 
Experimental Deployable Antennas 
Millimeter Wave Propagation 
Modulation and Coding Techniques 
Millimeter Wave MultLple Beam. 
Formation and Control 
Satellite-to-Satellite Relay Tests 
Advanced Spacecraft Communication 
Subsystems 
Data Collection Techniques 
GEODESY 
Laser Reflectors 
Radar Altimeter 
Time and Frequency Standard 
EmissionsEmisionsADVANCED 
Relativity Experiment 
Nano-G Accelerometer 
Drag Free Satellite 
NAVIGATION 
Navigation and Air-Traffic Control 
Over Land Masses 
Interferometer Position Location 
Air Collision Avoidance 
Search and Rescue 
Differential Doppler Techniques 
Radio Occultation Experinent 
Techniques 
Sal ellite Microwave Radiometer 
METEOROLOGY (Continued 
Sea State Measurements 
Ocean Surface Temperature 
Surface Water/Ice Backscatter Albedo 
Atmospheric Aerosol Data 
EARTH RESOURCES 
Radiative Cooler Performance 
Low Sun Angle Earth Surface 
Observations 
Ocean Surface Color Imagery 
Multispectral Image Dissector 
Wide Range Image Spectrometer 
IR Long Wavelength Spectrometer 
Radio Frequency Surface Reflectance 
Microwave Imaging 
Synthetic Aperture Radar 
Optical Image Processing 
RESEARCH 
AND TECHNOLOGY 
Improved Attitude Control and 
Determination Techniques 
UV/Microwave Horizon Sensor 
-Materials Degradation Experiments 
Contamination Experiments 
High Vacuum Techniques 
Cryogenic Technology 
Advanced Propulsion Techniques 
Space Power Techniques 
Vertical Sensor 
Extendible Boom Technology
Large Aperture Antenna Technology 
Gravity Gradient Techniques 
Recoverable Payload Techniques 
Remote Manipulator Technology 
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measurements survey. Other flights may be required to establish 
feasibility of system-function oik principle by a clear pragmatic demon­
stration mission. 
The concept of dedicating a test-bed spacecraft to a single experi­
ment, device or measurement survey is a reasonable and practical goal 
when assessed in terms of relative worth of ends to means. In most 
cases experiment development costs will be comparable to or greater 
than the basic SATS spacecraft costs (Section 5.6 and 5.7). In cases 
where one wishes to investigate system parameters by making survey 
measurements from SATS, the data will be required for the design of 
systems costing many times the cost of a SATS spacecraft. As before 
we speak only of flight zests -where the information is not obtainable by 
any other means. Also, how does one estimate the value of necessary 
test data obtained in a timely manner2 Its ultimate worth to a program 
may be judged in tern-is of the cost efficiency of an optimum development 
schedule and the payoff benefits from an earlier.operational system. 
The dedicated payload concept implies the desirability and capability 
of flying single experiment. However, this need not exclude the possi­
bility of accomrnodating additional payload where feasible. One might 
designate a single experiment as prime and also make the flight available 
to another experiment on a non-interference basis, understanding that 
the schedule and mission constraints of the prime will govern. 
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5.0 PROGRAM AND SPACECRAFT CHARACTERISTICS 
5.1 Desired Spacecraft Characteristics 
5.1.1 Standard Spacecraft 
XThe basic objective and outstanding characteristic of this program 
is a standard spacecraft for flight testing applications experiments and 
concepts. The standard spacecraft concept has been proposed for many 
years. Whether for lack of advanced planning, or the necessity of de­
signing for particular missions, or the desire for a fully integrated 
spacecraft and experiments, most spacecraft subsystems and structures 
were modified for each succeeding launch of a spacecraft series; Many 
of the modifications were desirable but not really mandatory. The ob­
jective of a standard SATS does not permit constant spacecraft subsys­
ten and system redevelopment. Advanced subsystems would be consid­
ered experiments and would be flown such that the spacecraft could 
operate independently from them. After flight qualification, and if re­
quired, modifications to the standard spacecraft could be performed on 
future models. 
During this study, it was concluded that mission and experiment 
requireients create most design problems, pa_: i _larly Lor a si~audrxd 
spacecraft. If these items can be well defined or controlled, then the 
concept of a standard spacecraft can be implemented. 
The missions that were selected for study are:- low orbits (300 nm. 
nominal) at inclinations of 00, 30% 52' and sun-synchronous, on Scout and 
Delta vehicles; geosynchronous orbits at 0', 3,0% and 500 inclinations on 
the Delta vehicle; and 12 hour simulated geosynchronous elliptical orbits 
(i.e. approx. 300 X Z000 nm) at 500 and 63.4 inclinations on the Delta. 
These mission parameters meet the majority of applications require­
nents. Further studies will determine if some of the inclinations might 
be eliminated and whether the 12 hour orbit for this kind of a test satel­
lite is satisfactory for most missions and experiments. The conclusion 
is that because of varying vehicle capability and differing orbit require­
ments, several standard spacecraft will be required. The only signifi­
cant change in any one spacecraft for different inclination requirements 
is the solar array size and aspeci angle. The solar power can be readily 
adapted with proper modularization of a solar paddle system. Thermal 
considerations will be discussed later. 
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Another problem in implementing a standardized spacecraft is the 
need to meet changing experiment requirements. In the past. most 
spacecraft systems have been designed to meet particular experiment 
requirements. The experiment and subsystems were then integrated 
within a common structure. Any change in experiment volume, weight, 
power or data handling rcquirements from one launch to another re­
quired rearrangement, re-integration and general retest of the whole 
spacecraft. This always involved increased costs and time. The SATS 
design philosophy is to physically isolate the experiment and related 
hardware fron the operational sublsystems (e.g., translitter, controls, 
power supply, etc.). Thls concept has been used on the SAS and OV-l 
and 3, for example. The spacecraft would be integrated using major 
blocks of systems in modular, form, These would include an experiment 
compartment or module, service module, solar array (paddles) and pos­
sibly an attitude control and propulsion module. The spacecraft design 
would develop an electrical, mechanical and thermal interface specifi­
cation for integrating all experiments. The volume limits are theoreti­
cally the vehicle envelope; however, the spacecraft would provide spe­
cific mounting platforms and covered volumes or the experiment could 
provide its own experiment module to mate with the standard interface. 
It should be noted that the experiment weight is defined as everything 
above the primary experiment module/service module interface, in­
cluding the experiment module itself. 
The electrical interface will consist of a standard set of electrical 
connections for power, cornmand and data transfer between the experi­
ment module and the subsystem module. Power vill be made available 
to the experiment via the main bus. Any special voltage or regulation 
requirements will be met by the experimenter. Connections will be 
available for a fixed number of commands to, and housekeeping ponts 
from, the experiment module. The'main data connections will consist 
of a fixed number of points, the sampling and formatting of which will 
be variable within limits prior to launch. Any data storage or handling 
requirement in excess of that provided by the service subsystems will 
be taken care of by the experimenter. In special cases the above pro­
visions can be modified where practical, as with communications ex­
periments, in which -portions of the standard spacecraft subsystems 
might be used directly by the experiment. 
The primary mechanical interface would bc at the top of the service 
module for all spacecraft. A secondary interface could be developed 
withln the experiment module, This wail be discussed more fully in 
Section 5.4.2. 
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A thermal design analy is indicates that the service module and 
experiment module can be thermally controlled using passive external 
coatings, multilayer insulation and heat pipes. To reduce internal tem­
perature gradients. good heat transfer between mounting surfaces and 
components must exist. This can be achieved in part by blackening all 
internal surfaces and components and mounting the components to a 
platform. Additional discussion of the thermal design is given in Sec­
tion 5.4.1. 
To summarize, the SATS program will include a series of space­
craft, mission and vehicle dependent, with separate modules for the 
experiments, subsystems and solar array. This concept will provide: 
1. 	 Standard interface for experiments. 
2. 	 Standard environmental characteristics for experimenters. 
3. 	 Minimal spacecraft subsystem change between laumiches. 
4. 	 Ability to maintain a modest inventory of systems and sub­
systems. 
5. 	 Reduced integration time and effort. 
6. 	 Reduced complete spacecraft acceptance testing. 
5.1.Z Other CharacteristiCs 
The other characte-ristics of the program and spacecraft that are 
necessary to meet the objectives are: 
1. 	Random packaging 
Z. 	 Use of available subsystems 
3. 	 Commonality of subsystems among SATS spacecraft where 
possible 
4. 	 Stabilized and earth oriented 
5. 	 Adaptable for external propulsion module 
6. 	 Limited orbital design life 
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7. 	 Extensive test montoning of experiment status 
8. 	 Special purpose, SATS exclusive, ground data reduction facility 
Thes6 characteristics are desirable to keep costs at a minimum and 
realize quick reaction from experiment selection to data retuy'n. The 
following is a brief discussion of the above characteristics. 
I. 	 To implement the desLgn requirements discussed in 5.1.1 and 
to maintain some packaging flexibility, the SATS spacecraft 
will adopt a random packaging concept. In many Explorer 
spacecraft the packaging goal has been efficiency of volume 
and weight for specific missions and experiments. This high 
density packaging is used for example on IMP's and S3 . The 
major disadvantage is that the spacecraft assembly, harness, 
balance, packaging, distribution, and integration, is highly de­
pendent on the exact dimension (height) of each and every elec­
tronic card. These cards are shaped and stacked such that a 
design change, poor volume estimate by designers or experi­
menters, electrical interference or last minute modifications 
during integration and test phase can cause extensive rear­
ranging of the subsysems. This is expensive and tiUle-c'uILsutningo 
Although the SATS service module is basically a fixed design, 
there is some flexibility with random packaging and excess 
volume. This will result in quick response to an unforeseen 
change.
 
Z. 	 The development costs and initial design time will be reduced 
from previous spacecraft programs'if available subsystems 
and hardware are used with a minimal amount of modification. 
A selection will be made based upon a review of existing sub­
systems. Initially the SATS program will not try to develop 
new subsystems for use in the service module. On later space­
craft updating or improvement might be incorporated; this 
would only be done if mandatory. 
3. 	 Along the same line of reasoning, it is desirable to have as 
much commonality as possible among subsystems of each of 
the spacecraft types. This will be limited only by unique mis­
sion 	requirements. 
4. 	 During the experiment survey, it was determined that some, if 
not most, experiments require three axis stabilization and earth 
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orientation. However, some experiments did not demand three 
axis control and would accept two axis control (spin stabilized). 
This divergence in control requirements creats a variation in 
control system design. A most desirable design feature of 
SATS would be to incorporate a control system that meets the 
most stringent reqnirements, but one that could be ea2sily re­
laxed to allorw the spacecraft to spin -- all with a sLngle design 
and 	set of equipment. A control system with this flexibility 
could be used in space on any single flight to obtain fine earth 
pointing, optional pointing, or spin scanning. 
5. 	 The capability of adding a propulsion module is a required 
feature of the structural design. Auxiliary propulsion is re­
quired for synchronous orbit insertion (i.e., kick motor), orbital 
trim to achieve fine sun synchronisn or cancelling external 
drag forces, or for deboosting a recoverable package from orbit, 
if desired. The propulsion requirements are not completely de­
fined at this point. Additional study will be performed. 
6. 	 The fact that SATS is a test-bed spacecraft, implies that a Jong 
lifetime is not required. Most experimenters indicate thac, to 
test feasibility or operation of an experiment, life-times from a 
few 	hours or orbits to less than 6 months would be satsiactory. 
It is 	 a]so desirable to have a short lifetime goal for other 
reasons. The orbital altitude can be set lower initially for 
better earth observation or geodetic measurements without 
decaying within the short lifetimes. Other mission parameters 
such as drift, inclination, and eccentricity are not critical. 
Redundancy and reliability criticality can be reduced. Quality 
control and assurance would be maintained at a high level, but 
reduced formally as regards some documentation. 
7. 	 The spacecraft basic design would incorporace a large number 
of housekeeping channels to monitor the test and engineering 
performance of the experiments. Being a test-bed spacecraft, 
a prime requirement is to determine the experiment status and 
examine ics engineering and performance functions most criti­
cally. On most large spacecraft, because of the nulmber of ex­
periments and complex systems, the housekeeping channels are 
minimal for each experiment. 
8. 	 The quick-reaction capability envisioned as one of the essential 
ingredients of SATS rules out the use of the present routine 
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means for data reduction because of the expected delay of one 
to three months in processing data. There are two alternatives: 
1) to set up a small independent SATS data reduction facility, or 
2) to make the raw data (tapes) immediately available to each 
experimenter so that he can perform his own data reduction. 
Both alternatives will require real-time data transmission from 
the ground stations to GSFC. 
In a single-experinent configuration, the easiest way to provide 
quick reaction for the experimenter would be to let him do his 
own data reduction. If the experimenter were at OSFC, he could 
be provided with the data almost immediately upon reception 
from the satellite. For non-GSFC experimenters, tapes could 
be shipped directly from the ground station to the experimenter; 
for backup, they would also be shipped (or played back over the 
data transmission link) to GSFC. 
For missions with several experimenters, and conceivably for 
some single-experiment missions, the most efficient data re­
duction scheme would involve setting up a dedicated data reduc­
tion facility as indicated in Figure 3. This has been done pre­
viously. The IMP data reduction line is an example. In the 
interest of cost-effectiveness, the Ground Checkout Equipment, 
Control Center. and Da,-a Reduction Facility could bo corbined 
in one location, and could share certain of the required hard­
ware. This appears to be the most desirable way to provide 
quick reaction data reduction. It will also provide the greatest 
flexibility in acconmodating different experiment configurations. 
5.2 Existing Spacecraft Designs 
During the study an investigation of about twenty different relatively 
small spacecraft was performed to determine if any could meet the gen­
eral conditions and characteristics outlined in Section 5.1. If the com­
plete spacecraft could not be used, were there any concepts, design 
parameters or subsystems that could be adapted to a SATS spacecraft7 
It was concluded from the Investigation that many spacecraft had some­
thing to contribute but none fitted all tne requirements. Two general 
designs, described in Section 5.4, evolved -ith variations that used hard­
ware directly from exisdng spacecraft. It was felt that a new or modi­
fied structure for-SATS would be necessary. However, on small space­
craft this is not an expensive development item. 
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136MHz/s-BAND 
TyI~L 
G S F C 
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Data Fow-SATS TransmittedFgue 3. 
Table B is a sum-mary of the pros, cons and conclusions about 
several spacecraft. The following discussion concerns their relavance 
to SATS. 
5.2.1 Small Astronomy Satellite 
this spacecraft is one of the best examples of the type of experi­
ment modular design contemplated for SATS. It also contains a rather 
simple, single momentum wheel control system which slowly scans the 
heavens. It is a Scout sized spacecraft. The spacecraft is not directly 
adaptable to SATS. However, its modular concept will be used on SATS. 
5.2.2 TiROS/TOS 
These are meteorological satellites with limited attitude control. 
They are, however, mass produced, readily reproducible spacecraft. 
Managerially and technically approaches were developed to upgrade the 
spacecraft and subsystems as obsolescence or increased requirements 
made changes mandatory. The spacecraft has body mounted solar cells. 
This is a disadvantage on SATS, which should have solar paddles to 
allow for power flexibility without structural envelope changes, The 
TIROS/TOS major contribution is that there are many subsystems 
preny developed, filu-l and stc'Wld that could tc directly used by 
SATS. 
5.2.3 TLROS-M/ITOS 
The TIROS-M is an earth-oriented stabilized meteorological space­
craft. It is too large for the SATS concept, even for the Delta versjon. 
A smaller spacecraft with an improved mombntum wheel control system 
(i.e., one motor and two roll sensors) is a possible candidate for the 
SATS/Delta spacecraft. The subsystems are usable on any SATS. 
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TABLE B. APPLICABILITY OF OTHER SPACECRAFT TO SATS DESIGN CONCEPTS 
PROGRAM PRO 
SAS rXPERIMENT MODULAR CONCEPT, 
SOME ACS CONTROL 
TIROS/TOS SIMPLE,QUICK REACTION, 
PRODUCTION REPRODUCIBLE S/C 
TIROS-M EARTH-ORIENTED SPACECRAFT 
USES TIROS/TOS IMPROVED 
SUBSYSTEMS 
INTELSAT- SYNCHRONOUS SPACECRAFT, 
SMAI L REFINED SMALL S/C TECHNOLOGY, 
EXPLORERS USED SOLAR PADDLES &BOOMS 
S3 FLFXIBLE DATA SYSTEM 
LES COMMUNICATIONS R&D S/C, 
SERIES SYNC SATELLITE, AUTOMATIC 
STATION KEEPING. 
OV EXPERIMENT MODUL6,R CONCEPT,SERIES PLANNED AS STANDARD S/C, ' 
FLEXIBLE STRUCTURES 
DELTA-PAC FLOWN AS A DELTA PIGGYBACK 
S/C, PASSIVE ACS 
I 
DESIGNED AS STANDARD AGENA 
PIGGYBACK, PROPULSION 
CAPABILITY 
CON 
NON-STANDARD SPACECRAFT 
LIMITED OR NO ACS, POWER 

LIMIl ED, NO SYNC ORBIT
 
CAPABILITY
 
SPACECRAFT IS TOO LARGE AND 

HEAVY, NO SYNC ORBIT 

CAPABILITY
 
NO ACS, LIMI iED POWER 

S/C'S TAILORED TO EXPERIMENTS, 

NO ACS IN GENERAI, HIGH 

DENSITY PACKAGING
 
HIGH DENSITY PACKAGING, 

POWER LIMITED-NO PADDLES,
 
COMPLEX DATA HANDLING, NO
 
ACS 
NON-STANDARD SPACECRAFT, 
INIEGRATED EXPERIMENTS 
LITTLE ACS-ONLY G G.,
STANDARDIZATION CONCEPT 
VIOLATED, LIMITED POWER 
LIMITED POWER, WAS ',INGLE 
EXPERIMENTAL FLIGHI 
FLIGHTS WERE NON-STANDARD 
WITH LARGE COST INCREASES, 
NO ACS DEVELOPED OR FLOWN 
EXCEPT AGENA VEHICLE, POWER -
LIMITED. 
CONCLUSIONS 
_BATS WILL ADOPT EXPERIMENT MODULE CONCEPT, SELECTED SUBSYSTEMS 
WOULD REQUIRE REDESIGN 
SELECTED FLIGHT PROVEN SUBSYSTEMS READILY AVAILABLE 
ATTITUDE CONTROl SYSTEM CONCEPT PRIME CANDIDATE FOR SATS, 
SPACECRAFf GENERALLY NOT ACCEPTABLE BECAUSE OF SIZE 
CANDIDATE FOR SYNChRONOUS SATELLITE - REQUIRES ACS INCORPORATION 
AND ADDITION OF SOLAR PADDLES 
IN GENERAL, NOT ACCEPTABLE TO SATS, SELECTED SUBSYSTEMS DESIGNS 
MAY BEEXPLOITED 
NOT ADAPTABLE TO SATS REQUIREMENTS 
NOT ADAPTABLE TO EATS, TYPES OF EXPERIMENTS ARE SAME AS 
CONTEMPLATED FOR SATS 
MODULAR EXPERIMENT CONCEPT ADOPTED ON SATS OV-1 AND 2SPACECRAFT ARE NOT ADAPTABLE TO BATS OV-3 ISPRIME CANDIDATE 
WITH MODIFICATIONS FOR EATS 
CANDIDATE CONCEPT FOR DELTA PIGGYBACK WITH MODIFICATIONS TO 
POWER SUPPLY AND NEW SUBSYSTEMS (PROBABLY PROM THE SCOUT AND DELTA 
SPACECRAFT SYSTEMS). 
CANDIDATE FOR AGENA PIGGYBACK WITH ACS ADDITION, POWER SYSTEM 
MODIFICATION AND ENFORCED STANDARDIZATION 
5.2.4 Intelsat-lI 
This is a medium size spacecraft with a kick motor and attendant 
hardware for synchronous orbit operations. It is spin-stabilized and 
does not have any appreciable attitude control system. Some of the 
satellite subsystems are adaptable to SATS synchronous designs. The 
amount of engineering and development to incorporate an ACS, modify 
structure, and add subsystems from other spacecraft makes this ap­
proach less than desirable. 
5.Z.5 Small Explorers 
A number of past small explorers (e.g. S-3's, IMP's A-F, RAE, 
ARIEL-I & II, Air-Density, Injun, AE-A & B, and BE-A, B, C) were in­
vestigated to determine if there were any desirable features that could 
be adopted. Their primary contribution was that they had advanced the 
technology of many subsystem designs and concepts that can be obtained 
off-the-shelf today. Secondly, many of these spacecraft developed boom 
and solar paddle or array designs to a high degree. The major disad­
vantage was that most spacecraft were developed as a series of 2 or 3 
spacecraft to fly particular types of experiments. The spacecraft was 
tailored to the experiments and the whole system was integrated into 
one env-elope. Another disadvantage is that none of these spacecraft had 
developed a good ACS for small satellites. 
5.Z.6 Small Scientific Satellite 
The Small Scientific Satellite (S3) is a Scout launched small space­
craft currently being built at GSFC. This spacecraft has a highly com­
plex and flexible data handling systen. It has body mounted solar cells 
and no ACS system. This spacecraft is a classic example of a highly 
integrated, weight and volume efflcient spacecraft. SATS does not need 
a highly complex and costly data system similar to that developed for S z. 
The fabrication, checkout, testing and software problems associated with 
the S ' spacecraet computer would negate the quick reaction capability 
desired for SATS. Because of the previously stated characteristics 
given for SATS, the S3 does not contribute to the SATS concept. 
5.2.7 LES Series 
The LES series of experimental communications satellites built for 
the Air Force ranged from 80 lbs. for LES-l to over 400 lbs. for LES-6. 
These satellites have contributed to space communications technology. 
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The spacecraft and subsystems were mostly tailor-made at Lincoln 
Laboratories for each individual mifssion. The LES spacecraft, in gen­
eral, is not adaptable to SATS. The past experiments and some future 
planned communications and technological experiments are the types 
whichcould fly on SATS. 
5.2.8 OV Series 
The OV series of spacecraft, built for the Air Force, was planned 
as "standard" spacecraft (OV-l, -Z, and -3). The OV-I and -3 also in­
cluded a modular compartment for the experiments. All three space­
craft were spin-stabilized. The OV-1 series is too small and power 
limited for the SATS program. The OV-2 series did not maintain its 
'standard" concept. The OV-3 modular concept and the flexibility of 
design is directly applicable to SATS. Furthermore, the abLlity to main­
tain a "standard" spacecraft for the required four launches was achieved 
to a greater extent than in any of the previous OV series. 
The OV-3, with the possible incorporation of a GSFC ACS system 
and a STADAN compatible communication system, would be an acceptable 
candidate for SATS. This will be discussed in more detail in Section 5.4. 
5.Z.9 Piggybacks 
A. Delta-PAC 
The PAC spacecraft was flown attached to the second stage of the 
Delta, in 1969. It was stabilized using a ginbal damped momentum wheel 
with the long Znd stage tank adding gravity gradient augmentation. The 
flight was primarily a test of the ACS. The design was power-limited 
for use by experiments. The magnetic dipole of the Delta 2nd stage re­
quires compensation to reduce the magnetic disturbances. A similar 
concept was analyzed using a Scout-size spacecraft and the Scout 4th 
stage motor. Extreme differences in moments-of-inertia and inertia 
ratios between the Delta and Scout configurations make use of the same 
attitude control system impractical. The addition of lon-g booms with 
tip niasses to obtain a few orders of magnitude increase tn inertias 
would theoretically make the design feasible; but it would add problems 
of boom mechanisms and boom deflection. It is recommended that the 
gimbal damped momentum wheel with gravity augmentation be used only 
in the Delta piggyback configuration. 
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B. P-il 
The P-li spacecraft, built for the Air Force, was designed to fly 
piggyback on the Agena vehicle. It can remain attached and use the 
vehicle's control system or it may be separated and spin-scabilized. 
No ACS has been developed or flown on P-1l. The P-lI was initiated 
as a 'standard" spacecraft; however. in 20 or more flights no two space­
craft have been the same. Starting with a standard structure, the con­
tractor was permitted to change and modify wherever desirable to meet 
an experimenter's needs. No real restrictions were placed on the ex
periment envelope or on other experiment interfaces. The result was 
high cost (5 - 6 times advertised base price). 
P-i1 was considered for use on other vehicles. This approach, 
while attractive on the surface, is not recommended. The launch loads, 
load paths, structural configuration, and separation system, would be 
completely different on any other vehicle. The Scout and Delta vehicles 
produce some of the most severe vibration and acceleration loads of any 
vehicle. A modified P-l1 structure and all subsystems would require
requalification. It wvas stated previously that structures need not be a 
large development cost 3tenti Therefore, it would be more efficient and 
economical to design a spacecraft structure along guidelines previously
established by Scout and Delta and use subsystems that have already 
been qualified to these loads. I 
The P-li spacecraft, if used on the Agena, is an acceptable piggy­
back candidate. If it were to be separated, an ACS would probably be 
necessary. A STADAN compatible communication system vould be re­
quired. Strict control of the expermnienr interface by GSRC would be 
mandatory to keep down costs. 
5.3 Vehicle Capability and Orbital Characteristics 
5.3.1 Vehicle Performance 
Two candidate boosters for SATS missions are the Scout and the 
Delta. The Scout vehicle provides modest low-altitude payload capability 
whereas the Delta can deliver larger spacecraft (possibly multiple 
spacecraft) into low-altitude orbits or approximately 600 lbs. into a 
synchronous equatorial orbit. 
Scout performance is shown in Figures 4, 5, and 6. The first plot
indicates the deliverable payload capabilities fromi the Wallops Station (WS) 
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launch site into a 37.5' inclined orbit a~d from the Western Test Range 
(WTR) into a polar orbit. Notice that Z50 Ilbs. can be placed into a 
° 200 n. mi. polar orbit out of WTR and into a 430 n. mi. 37,5 orbit out 
of WS. Figures 5 and 6 show the effects of requir3ng other orbit inclina­
tions at altitudes of 300, 500 and 700 n. mi. for the two launch sites. All 
curves assume the use of the 10 lb. standard Scout/Spacecraft adapter. 
The improved Scout, not shown, which will be ready before SATS first 
launch will increase the capability approximately 100 pounds for the 
300 nm. polar orbit. 
The Delta vehicle is available in a variety of configurations. De­
picted in Figures 7 and 8 are the circular orbit capabilities of boosLers 
available from mid-1971 onward. The DSV-3L is the long tank Thor 
with the Universal Boattail (UBT - for accommodating 3, 6 or 9 solid 
motor strapons for thrust augmentation) and an inertial guidance system. 
The second stage is the Improved Delta (ID) using Nitrogen Tetroxide 
(N 2 04) and Aerozene 50 (A-50) as the bi-propeilants. Available with 
these booster combinations is a Thiokol third stage, TE 364-3 or 
TE 364-4, which are used for high energy missions. As indicated in the 
figures, the two stage configuration is considered for low altitude circu­
lar orbit applications. Figure 7 shows the performance for launches 
from the Eastern Test Range (ETR) into circular, 28.5 degr ee inclined 
orbits and Figure 8 the performance from WVTR into polar urbics= Theme 
is a significant increase in payload from the Scout launches, almost an 
order of magnitude for the 9 solid configuration. Associated with this 
increased performance is a large increase in booster costs. 
The last booster performance curve in this section, Figure 9, shows 
the Delta capabilty into a synchronous transfer orbit. This configura­
tion includes a third stage, the TE 364-3. In order to attain the synchro­
nous equatorial orbit an apogee kick motor is required. Table C sum­
marizes the apogee motor sizing and the resultant payload into the 
geostationary orbit. 
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TABLE C. DELTA SYNChRONOUS MISSION CAPABILITY
 
STANDARD FAIRING
 
DSV-3L/1D (N 2 0 4 )/TE 364-3
 
VEHICLE TRANSFER 	 APOGEE APOGEE FINAL.6* 
MOTOR* MOTOR PAYLOADCONFIGURATION USEFUL ORBITLOAD (LB) PAYLOAD TOTAL WT BURNT WT WT (LB) (LB) (LB) (LB) (LB)_T 
1230 	 62.7 6029-Sohd 1280 627 
6-Solid 1200 1050 585 58.5 565 
3-Solid 1030 978 495 49.5 484 
NOTES: 
J. 	 TRANSFER ORBIT IS 100 by 19,400 NM AT 28.5 DEG INCLINATION 
Z. 	 ALL CONFIGURATIONS INCLUDE FAIRING (APPROXIMATELY ZM INTERNAL 
DIAMETER) 
3. 	 ALLOWANCE HAS BEEN MADE FOR ATTACH FITTING WT. 50 LB 
,'-APOGEE MOTOR CHARACTERISTICS: 	 SPECIFIC IMPULSE - 290 SEC
 
MASS FRACTION - 0.90
 
*',-DOES NOT INCLUDE BURNT MOTOR WEIGHT 
5.3.2 Alternate Orbits 
Orbits considered thus far for the SATS application have been 
essentially circular, either row altitude or high altitude earth syn­
chronous. Elliptic orbits, however, can provide "simulated" operation 
for both high and low altitude cxperiments. Such orbits have as their 
major advantage a reduction in the booster requirements. In fact, under 
certain conditions, a multiple launch of one or more low altitude cir­
cular orbit spacecraft in addition to a "simulated" synchronous orbit 
syn­satellite can be achieved by the same booster as used for a single 
chronous equatorial (Z4 hr. circular) satellite. n apogee kick stage 
will not be required, thereby simplifying the spacecraft and reducing 
its cost. The next paragraphs will discuss some of the key character­
istics and associated booster performance of these elliptic orbit 
configurations. 
The first to be considered is the transfer orbit nornally used for 
achieving a geostationary orbit. As indicated in Figure 9, the DSV-
3L/ID (N 20 4 )/TE 364-3 with 9 solid strap-ons can deliver about 1300 
lbs. into the tr'ansfer orbit. This orbit has a period of 10.6 hours and 
for almost two hours the spacecraft is very close to the synchronous 
orbit altitude. Since the SATS mission is to provide a test-bed for ex­
periments and not operational capability, two hours of experiment oper­
av-on every cen hours might be adequate. Notice that two synchronous 
type 600 lb. class spacecraft could be accommodated. Alternatively, it 
is possible to separate a payload while in the parking orbit prior to 
third stage firing, in which case both a low altitude circular orbit and 
an elliptic orbit could be achieved. The 100 n.mi. parking orbit normally 
aero­associated with the transfer orbit may be too low, because'of 
dynalic drag, in which case a highef parking orbit must be attained. 
Figure 10 shows the additional payload deliverable to the parking orbit 
as a function of the parking orbit altitude, assuminng that a 600 lbs. 
useful payload is injected into the elliptic transfer orbit by an optimally 
configured third stage. The third stage weights are indicated in 
Figure 11. 
Before discussing other possible elliptic orbits, a few additional 
characteristics of this synchronous transfer orbit should be noted. The 
subpoint (geographical) location of the apogee point will vary due to two 
factors. First the orbit period is not equal to nor is it an integral frac­
ta-on of a sidereal day (approximately 24 hours); and the second is the 
oblateness of the earth which causes nodal and apsidal motion. The 
first primarily affects the longitude of the apogee subpoint. In the orbit 
discussed above, the longitude at the repetitive apogee (i.e., every 
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second apogee) will change by about 45 degrees. If this orbit is modified 
to approximately a "twelve-hour" orbit (a half of a sidereal day). the 
apogee longitude every othei orbit would remain geographically fixed 
excluding the nodal and apsidal motion. As a result, the apogee point 
could be fixed to lie along a U.S. longitude once per day and between 
india and Japail once per day on alternate orbits. This alternate orbit 
has an apogee altitude of about 2Z.000 n.m. The b oster payload penalty 
would be modest since only about 200 ft/sec. additional velocity would 
be required. Recalling Figure 10, this would amount to less than a 60 
lb. reduction in the low altitade payload. 
Earth oblateness effect were neglected in discussing the "twelve­
hour" orbit. The nodal motion for these high altitude elliptic orbits is 
' small, less than .32 /day primarily affecting the longitude of the apogee 
subpoint. This is readily cancelled by adjusting the orbit period. On 
the other hand apsidal motion has a more s-gnificant effect because it 
changes the longitude and latitude of the apogee subpoint. This motion 
of the orbital semi-major axis is a function of the orbit inclination. 
The Russians 'have demonstrated in the Molniya communications satel­
lites, which have "twelve-hour" orbits, that at an inclination of 63.4', 
either posigrade or retrograde, the apsidal motion will be zero. Hence, 
the apogee subpoint can be made to recur at the same latitude every 
orbit. Depending on the in3ection point, or argument of perigee, a 
"twelve-hour" orbit, 63.40 inclination, could place apogee over the cen­
tral U.S., or over Canada, or on the equator, and every day for several 
hours the satellite would remain near these points at altitudes close to 
synchronous altitude (19,300 n.mi.). In terms of booster requirements, 
achieving this orbit imposes some serious weight penalties. A range 
safety constraint from ETR of a 440 minimum azimuth limits direct 
injections to a maximum of 50' inclinations. Hence a "dog-leg" ma­
neuver is required resulting in a significant loss of payload. From 
WTR, a direct injection into a retrograde orbit of 63.4 incliration is 
possible. However, again a payload penalty is involved due to the fact 
that the earth's rotational velocity must be removed. The results are 
shown in Figure 1Z. The optimum 3rd stage sizing is the same as 
before, Figure 11. More than 700 lbs. could be left in a 300 n.mi. cir­
cular orbit with 600 lbs. in the 63.4* elliptic orbit. If a "twelve-hour" 
orbit was required. an additlonal 60 lbs. would be lost from the low 
circular orbit. Therefore, the use of tvo 600 pound class SATS/Delta 
spacecraft or a SATS/Delta spacecraft and a piggyback, one each in a 
low and 12 hour orbit, is feasible. 
41
 
1200 
600 BOOSTER DSV-3L/I D (N 04) (Solid) 
800 ~OPTIMUM 3 STAGE WEIGHT 
600 LB. SPACECRAFT IN ELLIPo ORBITLn 
19350 NM APOGEE 
INCLINATION 63.40 RETROGRADEII
 
400 -WTR LAUNCH
 
o I
 
0 400 800 1200 1600 2000
 
'CIRCULAR ORBIT ALTITUDE (N. Mi.) 
Figure 12. SATS Payload Remaining In Circular Parking Orbit 
42
 
Consideration shouJd be given to a direct nijection fron ETR into 
a "twelve-hour", 50' inclined orbit. The additional velocity required to 
achieve this orbit, rather than 28.5' orbit, is 400 ft./sec. This reduces 
the payload curves shown in Figure 10 by less than 210 lbs. including 
the 60 lbs. penalty for the "twelve-hour'! orbit, The apse line only ro­
tates at a rate of 0.lS'iday in the orbital plane. The result is less than 
5' longitude and 10' latitude variation durng a 90 day mission. Figure 
13 depicts the spacecraft track in th orbit plane, with time markers 
and corresponding altitudes. Notice that more than four hours are 
spent at altitudes higher than the synchronous altitude. 
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5.4 	 SATS Spacecraft Design Concepts 
5.4.1 Systems and Subsystems fDiscussion 
Thre present effort has not included an in depth review of all the 
subsystems, or even identified all the specific blackboxes required for 
- the various SATS configurations. Some general guidelines have been 
developed as to the overall parameters. The following paragraphs con­
tan a brief summary of some of the subsystems. Table D also indicates 
some of the preliminary system parameters. 
1. 	 Telemetry Encoding. The present concept is to have 2 
encoders, one low-sampling-rate, moderate precision (8 bits), 
to sample housekeeping (say, 64 channels) and feed a 136 MHz 
transm-itter; the other high sampling rate, moderate precision, 
for the experiment, feeding an S-band transmitter. Input re­
quirements for the experiment encoder will be developed dur­
ing subsequent studies. Ideally, the encoder should be able to 
accommodate a moderate number of analog channels at a mod­
erate sampling rate for each, or a single analog channel at a 
high sampling rate (e.g., video), or a few high rate serial dig­
ital signals. Flexible modular systems for varying data 
requirements will be examined. 
2. 	 Data Storage. Generally, we expect real-time readout, how­
ever, to provide flexibility to accommodate a wide range of 
experiments; data storage is provided. As with the experiment 
encoder, data storage requirements are not in final form during 
this phase of program study; howevqr, a tape recorder is pres­
ently planned with a storage capacity is between 106 and 108 
bits. It would have the capability of operating either in a burst 
mode (storing and playing back at the same bit rate) or full­
orbit-coverage mode (to accommodate 2 orbits of data, 20:1 
ratio or greater between playback and record rates). In either 
case, -maximumoutput bit rate should be 150 Kbps. 
3. 	 Command System. The command receiver will be at 148 MHz, 
PCM/FSK/AM per GSFC standards (64 bps, 64 bits total per 
command including sync, parity. and spacecraft address). The 
exact number of commands to be provided has not been deter­
mined but approximately 64 comrnands should be adequate. 
These would be divided among programnrring, relay and experi­
ment type commands. 
45 
IABLE D. PRELIMINARY SYSTEM PARAMEiERS 
SATS/ SCOUT SATS/ DELTA DELTA/PIGGYBACK 
TOTAL S/C WEIGHT 300 LBS. 600 LBS. 375 LBS. 
EXPT. WEIGHT (nominal) 75 LBS. 150 LBS. 75 LBS. 
S/C - EXPT, CONFIGURATION SEPARATE MODULES SEPARATE MODULES INTEGRATED 
S'ABILIZATION MOMENTUM WHEEL, MOMENTUM WHEEL, MOMENTUM WHEEL 
MAGNETIC TORQUING GAS TORQUING 
PROPULSION NO AS REQUIRED NO 
STABILITY 10 ARC- SEC/SEC 20 ARC- SEC/SEC 20 ARC- SEC/SEC 
ATI'TUDE DETERMINATION <10 <10 <.00 
POWER AVAILABLE: 
SPACECRAF r 25 W 40 - 50 W 20W 
EXPT. (15% dut-y cycle) 70W 100W 50W 
COMMAND SYSTEM GSFC STANDARD SAME SAME 
TELEMETRY: 
VHF TRACKING/HOUSEKEEPING 0.25W 1W 0.25W 
S-BAND DATA I MBPS 5 MBPS 1 MBPS 
DATA STORAGE: 
LOW RATE SOLID STATE/TAPE SOLID STATE/TAPE NONE 
HIGH RATE- NONE TAPE NONE 
4. 	 Programner. To provide control for pyrotechnics during the 
launch and pre-operational phases of the mission, a moderate 
number of sequencing functions is required. The programmer 
(or sequencer) must also provide some command-like func­
tions and act as a backup for some commands (e.g., S-band 
transmitter turnoff). The conmhands stated above include 
some number of programmer functions;. the Command Decoder 
may be combined with the Programmer. Programmer timing 
may include control of delayed commands. 
5. 	 RF System. Two transmitters will be provided: a beacon, fed 
by the housekeeping encoder, wirh an output of 0.2 - 0.25 watt 
at 136 M[Hz; and an S-band transmitter with I watt output at 
Z300 vMz, fed by the experiment encoder and commanded (or 
programmed) on and off over station. The beacon will feed an 
ornndireccional antenna (dipoles, turnstile, etc.). The S-band 
transmitter may feed either an omni-antenna or one with mod­
erate gain, depending on the mission. Link calculations in 
Appendix B indicate that the above is in the proper power range 
for the data rates and orbits presently envisioned. 
6. 	 Thermal System. A thermal design analysis indicares that the 
service module and experiment module can b '=r'aiy con­
trolled using passiveIexternal coatings. A combination of 
thermal control coatings and multilayer insulation on the ex­
terior of the spacecraft together with the internal power dissi­
pation will maintain the components within their temperature 
limits. To reduce internal temperature gradients, good heat 
transfer between surfaces and components must exist. This 
can be achieved in part by blackening all internal surfaces and 
components and mounting the components to a platform. Since 
the 	spacecraft will be designed for the non-spinning condition, 
it appears at present that heat pipes should be used in the 
service module to Insure adequate heat transfer between sub­
systems and across the experiment interface to maintain an 
acceptable overall temperature profile. 
7. 	 Power System. The power system has been studied in some 
depth because it affects the configuration and thermal designs. 
The primary source of power for SATS vill be a solar array. 
A paddle configuration is preferred because of the need for the 
flexibility of available power. Provision must be made for peak 
loads which exceed the array output and for standby power jn 
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shadow, The system configuration consists of the solar array 
feeding the main spacecraft power bus, to which is attached a 
shunt regulator. batteries with a charge regulator, a discharge 
regulator, and an under-voltage cutoff system. 
As in the case of any power system design, certain environmental 
were made prior to the initi­
ation of the design effort. These assumptions are listed below: 
and performance parameter assumptions 
(a) three month life requirement, with~a possible extension to six 
months; 
(b) 	 a regulated load bus operating at 28 v dc;. 
E45°);(c) 	 300 nautical mile polar orbit (noon, and noon 
(d) 	 variable power requirements for.spacecraft average load to a (SATS/Scout);
maximum of 30 watts 
(e) 	 variable peak load power (on for 15%. of orbit, daylight only) to 
a maximum 6f 80 watts; 
(f) 	 minir-num eight for all power syste- com-.-ponents com atible 
with system reliability; 
of a 	conventional(g) 	 electrical power to be provided by means 

solar conversion, energy storage, power system.
 
Figure 14 shows one power system configuration capable of effi­
ciently meeting the spacecraft load requiremeAts. Such a configuration, 
cormnonly known as a Direct Energy Transfer (DET) 1System, has been 
used on several satellites. The lack of any series element between the 
solar array and the regulated load bus allovs the system to supply the 
daytime load demands at almost 100% efficiency. A possible drawback 
85%-when the batteries must be dis­is the lower efficiency-typically 

charged to supply spacecraft loads.
 
P. S.Electronics 
The battery charger presently under consideration is a simple 
series dissipative type, although a pulse-with-modulated (PWM) charger 
could be used with possibly a small gain in transfer efficiency. The 
loss 	is considered 1/30 the charge power. 
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The discharge regulator will be aj boost converter with a regulated 
Z8 v dc output. It has been assigned apover transfer efficiency of 85%. 
The shunt regulator in Figure 14 will actually be a partial shunt 
regulator. This approach will allow most of the unneeded power to 
remain in the array, thereby reducing the power dissipating require­
ment for the regulator shunt paths. This technique has previously been 
employed on several spacecraft. 
Battery 
The storage cell selected for this mission is a conventional nickel­
cadmium (Ni-Cd) cell. An advantage of this type over others is its 
better cycle life under conditions of deep discharge. In addition, a Ni-
Cd cell can tolerate a small amount of continuous overcharge, thereby 
reducing the complexity of the baLtery charge controller. Although the 
actual charge control method has not been selected, either a third­
electrode cell (as flown on OAO) or a Cd-Cd coulorneter (RAE) could 
be incorporated into the charge control system. 
Solar Array 
After the other power syster components have been defined, and 
the day, nighi, nd peak load profiles specified, the rcqulred solarray 
power output can be easily obtained.I 
The average daytime regulated bus demand (load power + battery 
recharge power) was calculated for various peak loads and day and night 
loads. Figure 15 sumrarizes these calculations. Three assumptions 
were made: 1) the peak load plus spacecraft day load is greater than 
the required array power; 2) the peak load occurs in the day only; and 
3) the actual solar array power output is the same as the required array 
power at the time of the peak load. 
Several array configurations are capable of supporting the estimated 
power required. It was initially assumed that the solar array will con­
sist of solar cells mounted on deployable rigid paddles and that the 
spacecraft body would have its long axis along the earth spacecraft 
radius. Figure 16 shows the output for four different paddle orienta­
tions. The sun aspect angle would rotate around the spacecraft from 
the top to the bottom in the top views of the figure. Curve 4 gives less 
solar array ripple and has the highest output for the valleys of the 
curve. 
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It was also assumed that the lonfr axis of the spacecraft body could 
be normal to the orbital plane. Figure 17 shows solar array outputs as 
a function of effective paddles. 
I- this configuration, the sun angle rotates about the body as shown 
in the lower views of Figure 16. Also included is a three paddle con­
figuration for the same size paddle. The three paddle configuration has 
less variation output. If the paddle area were larger than used in this 
analysis, the three paddle design would be preferable. A point of 
interest here is that Figure 17 shows that there is no shadow effect 
from other paddles at polar orbits off of the earth-sun line, 30 or 
greater. If the paddles in these orbits can be oriented for optimum 
sun, then there is no need for cells on the back of the paddles and the 
weight can be reduced as well as almost doubling the available power. 
The information upon which Figures 13 through 17 are based is 
continually being updated. Once final spacecraft designs are chosen 
upon, these figures will be revised to reflect the-new data. 
8. 	 Attitude Control System. This system has beer investigated in 
some depth because of its direct impact on the spacecraft con­
figuration. It was necessary to determine the general type of 
ACS and alternative configurations that could be implemented 
readily. 
The SATS concept Includes three separate spacecraft configura­
tions: 1) Scout launched; Z) Delta launched; and 3) Delta piggyback. In 
each concept, the objective of the ACS is to provide earth orientation. 
with attitude error angles of 10 or less, and attitude error rates of .010/ 
sec or less, about each axis of a local vertical reference system. In 
addition, the ACS power, weight and volume requirements should be low. 
The philosophy of the SATS program is that all systems should be 
configured around existing hardware with little or no modification. There 
should be no extensive hardware development program. 
In the process of choosing a control system concept for SATS, three 
categories of attitude control systems were considered: fully active, 
three axis control, passive gravity gradient control: and momentum 
biased, semiactive control. The proposed control system concept falls 
into category three. 
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A fully active, three axis control system (i.e., active error sensing 
and active control torquing about all three axes) would introduce coin­
piexity. weight, and power problems not compatible with simple system 
concepts, It is highly unlikely that an existing three axis active system 
could-b& employed on the presently conceived SATS missions without 
either a major hardware redevelopment or major redefinition of project 
requirements. A separate control technique would be required for the 
synchronous SATS mission, due to the difficulty of sensing yaw altitude 
error signal. 
While a good deal of work has been done in the area of three axis 
passive gravity gradient control (i.e., no error sensing and no active 
control torquing), this control concept has yet to be shown capable of 
achieving the pointing accuracies required for SATS. Significant prob­
lems still exist in understanding in-orbit boom dynamics; and the be­
havior of some gravity gradient control experiments is as yet unex­
plained. In addition, 'the ability of existing damping mechanisms to cope 
with spacecraft disturbances is questionable. Three axis gravity gra­
dient control does noL appear all capable of meeting SATS mission 
requirements. 
While we could address each spacecraft concept separately, it will 
be seen that all of the proposed control system concepts are of the same 
basic type: a semi-active momentum:2_Y_ bia3s systeniwwith single axis ac­
tive control about the orbit normal to the local vertical. Alignment of 
system momentura to the orbit normal and momentum unloading is pro­
vided by some passive or open loop means (e.g., gravity gradient, mass 
expulsion, or magnetic torquing). With the possible exception of the 
gravity-gradient augmented system, initial acquisition will consist of 
an open loop orientation of the system momentumr to the orbit normal 
with a closed loop single axis acquisition of the local vertical. This 
type of system should be capable of, maintaining the desired attitude 
accuracy and stability by proper sizing of the momentum. 
Two modes of hardware implemrentation are presently under 
consideration for configuration of this control system concept. Hard­
ware for both modes is flight proven. 
First to be considered is a single, large inertia, low speed 
momentum wheel and scanner systern with a view field on one side of 
the spacecraft and an earth scan intercepting one side of the earth. 
Such a systemr has been successfully flown on TIROS-M and 'employs 
reflective optics for horizon scanning. 
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Second, by a pair of small, high qpeed (hermetically sealed) 
momentum wheel s and scanners coul4 be mounted internally, one on 
each side of the spacecraft. The earth sensors scans would each inter­
cept a different side of the earth. The hardware for this system has 
been flown on both Nimbus-t and Delta-PAC, although not configured 
in this control concept. it employs refracting optics for horizon 
scanning at low altitudes. 
It is desirable that on board, closed-loop control be employed to 
activate a magnetic torque generator. While the feasibility of such a 
closed-loop system requires further investigation, open loop, from the 
ground has already been flight demonstrated. The ground operation 
mode would always be available as an override. Finally, a dynamic sys­
tem of the type under discussion is sensitive to gyroscopic nutaton 
caused by a misalignment of the system momentum vector from the 
body rate vector. The system will incorporate a fluid damper to re­
move such nutational energy. 
Achievement of the desired attitude accuracy will be a function of 
wheel momentum, disturbance torques, and attitude determination I
capability. 
Orbit injection sequence and initial attiLude acquisition for the low 
orbit; a)nd 12 hour orbit will be performed as follows: the SATS space­
craft will be despun while on the last stage of the vehicle, so as to con-
Lain the nominal system momentum; separated from the vehicels stage; 
the momentum wheel willl then be activated, despinning the spacecraft 
body. Orientation of the system momentum may be determined by the 
scanner signal and spacecraft ephemeris information. The system 
momentum vector will be precessed to the orbit normal by use of the 
magnetic coll torquing system operated open loop from the ground. 
Once the wheel axis is aligned to the orbit normal, the active reaction 
wheel control loop will be closed to orient the body to the local vertical, 
thus completing earth acquisition. Open loop activation of the magnetic 
torquing system will depend on the nature and magnitude of disturbance 
torques. The injection sequence for the geosynchronous orbit is under 
study. 
5.4.Z Configuration Concepts 
The previous sections have developed the general design philosophy, 
characteristics and parameters. Figure 18 is a generalized representa­
tion of these concepts. The configuration includes five main elements: 
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Figure 18. General Configuration 
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1. Service Module 
2. Experiment Module 
7 
'3 Solar Array 
4. Experiment/Spacec raft Interface 
5. Vehicle Interface 
An auxiliary propulsion module could also be adapted at the vehicle 
interface. The height and diameter of the modules depend on the 
internal equipment requirements, the particular vehicle envelope and 
the folding designs for the paddles. The same design principle con­
figuration can be used as the standard SATS spacecraft for both Scout 
and Delta vehicles. 
Two preliminary configurations for each launch vehicle have been 
designed using different attitude control hardware, but having the same 
dynamic response principles. Each results in variations of the solar 
array, thermal design, look angles to earth and load paths during 
launch. 
The first design developed for Scout, Figure 19, uses hardware 
derived from existing TIROS/TOS family designs, including a baseplate 
for package mounting and hexagonal or octagonal sides for the service 
module. A single motor momentum wheel with two roll earth scanners 
is mounted on the lower surface of the baseplate. Three holes through 
the wheel allow for spacecraft attachment to the launch vehicle using 
explosive bolts. The experiment module shown is a continuation of the 
service module sides and still fits within the Scout heat shield (Figure 
20). The paddles are sized to provide 10 watts continuous spacecraft 
power, plus an additional 70 watts available for the experiment on a 
15% duty cycle. The VHF antenna is shown on paddle tips and the S­
band antenna on the service module side. 
The spacecraft, after launch, is reoriented so the launch and 
rotating momentum wheel axis is normal to the orbital plane. The 
earth vector is normal to the maomentum axis. The experiments would 
view the earth out the side of the experiment module. The control sys­
tem will also include magnetic torquing. The momentum wheel speed 
can be varied to j-naintain a stable eaith orientation or allow the body 
shell to rotate from a few degrees per minute to 10 rpm. 
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Fxgure 19. SATS/Scoui"Configuration #1 
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Figure 20. SATS/Scout Vehicle Envelope 
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The status of typical hardware that could be made available is listed 
in Table E. Most of this hardware is available with little or no change. 
A major item is the ACS, vhich can be used exactly as presently 
designed. 
The first SATS/Delta configuration, taking advantage of the larger 
weight and volume allowances of he Delta vehicle, used 600 lbs. as a 
limnting weight. Figure 21 illustrates this design. Again the service 
module is the small section on the lower portion of the spacecraft. The 
baseplate (mounting platform) for the service module and selected sub­
systems were adapted from the TIROS-M design. The experiment volume 
is shown for completeness and would not necessarily be that configura­
tion. The ACS and most other subsystems are the same as for SATS/ 
Scout spacecraft #1. Variations would be necessary to accommodate 
geosynchronous requirements or a 1Z hour elliptical orbit. Figure ZZ 
shows the spacecraft within the Delta envelope and including an apogee 
kick motor module for geosynchronous orbit injection. This propulsion 
module would not be necessary for a 12 hour simulated synchronous 
orbit. 
The second SATS/Scont configuration using.the alternate ACS is 
shown in Figure 23. This spacecraft uses the general OV-3 design con­
figuration (Figure 24) developed by Aerojet General, and incorporates 
two Bendix momentum wheel/earth scanner packages in the service 
module. These momentum wheels are part of the TRW-SAGS control 
system, the same as flown on Delta-PAG They would not be gimbaled 
but would be rigidly mounted such that the momentum axis would be 
normal to the launch axis. After launch and reorientation of the mo­
mentum axis to the orbit normal, the top end of the experiment module 
would be earth oriented. 
,This configuration has the advantage of using a packaged control 
system without building special structural support as in the first con­
figuration. The use of the Bendix wheels and integral scanners is 
questionable at geosynchronous altitude. Additional study will proceed 
in this area. It is desirable to use the same general control systemn 
hardware (momentum wheel and scanners) for both the Delta and Scout 
missions. It has been initially assumed however that for gedsynchronous 
operations gas torquing rather than magnetic will be required. 
The second Delta configuration bas not been completed at this time. 
More information will be available in the final report. 
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TABLE E. HARDWARE SUMMARY 
SUBSYSTEM WE[GHT 
STRUCTURE '0.0 
ATTITUDE CONTROL 36.8 
MOMENTUM WHEEL ASS'Y 29 6 
PITCH CONTROL ELECT. 3.2 
DAMPER 4.0 
MAGNETIC COILS 1.3 
MAGNETIC BIAS SWITCH 14) 
POWER 57.0 
SOLAR PADDLES 12.0 
P.S. ELECTRONICS I1 
BATTERIES 30.0o 
DC/DC CONVERTER 4.0 
COMMUNICATIONS & DATA 29.3 
VHF ANTENNAS 2.1 
DIPLEXER 0.5 
COMMNAND RECLIV ER 2.3 
BEACON 
S-BAND ANTENNA 
2.6 
0.9 
S-BAND TRANSMITTER 3.5 
COMMAND LOGIC 10.1 
PCM TELEMETRY 5.0 
TAPE RECORDER 5.0 
SPACECRAFT TOTAL 163.1 
EXPERIMENT 75.0 
TOIAL 238 1 lbs 
AVAILABILIT'Y 
NEW 
NO CHANGE 
NO CHANGE 
MINOR PKG 
MODIFICATION 
LITTLE OR 
NO CHANGE 
TO BE 
DETERMINED 
6Z
 
Figure ZI. SATS/DeIta Configuration #1 
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Figure 23. SATS/Scout Configuration #2 
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Figure 24. OV-3 Configuration 
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It was previously mentioned that the experiment module would have 
a primary incerface with the top of the service module. One possible 
experiment i-nodule internal design (a secondary interface) is shown in 
Figure 25. If the experiment were composed of many packages, the 
vertical platform could be used in any of the spacecraft configurations. 
This secondary interface or piatforma, would provide greater mounting 
surface and a thermal plate area to distribute heat within the module 
and between modules. If any experiment could not use this platform, 
then integrating to the primary interface would always be available. The 
external cover around the experiment module could be either a specific 
envelope supplied by the spacecraft or tailored by or for the 
experimenter. 
The Delta piggyback spacecraft could be similar to Figure 26. A 
study performed by McDonnell Douglas Corporation, January 1970, titled 
Payload Experiment Package (PEP) discusses nost of the Delta piggy­
back configurations that could be considered. One PEP mission not 
presented was the combination of a SATS/Delta spacecraft in a geo­
sec­synchronous or 12 hour orbit with a piggyback in low orbit on the 
ond stage. This launch assembly could be used for complementary 
mother-daughter missions. Another possible mission would be to 
somelaunch two SATS/Delta and a piggyback all in low orbit phased 
distance apart. 
The P-il piggyback for the Agena spacecraft is shown in Figure 27. 
The configuration for a separable spacecraft would require the use of 
the Bendix momentum wheels and scanners and additional solar array. 
This spacecraft, as previously mentioned, was designed to fly on the 
Agena vehicle and should be considered only in connection with the 
Agena. Because NASA has no planned Agena launches, the upgrading 
and use of the P-1l for SATS is questionable. 
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Figure Z6. SATS-DELTA Piggyback Configuration 
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iguzae 27. SATS /P- 1I Application 
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5.5 	 Reliability, Quality Assuran4e, and Testing 
I 
The objectives of the SATS reliability, QA and testing program are 
to: 
1. 	 Prepare SATS to achieve a successful 90 day mission 
2. 	 Acquire high confidence that a particular spacecraft is, in fact, 
ready for flight 
3. 	 Consider minimum cost -without sacrifice in reliability 
4. 	 Plan reliability, quality assurance and environmental testing 
interfaces to result in a short time (3 months) for integration 
and tests - quick reaction capability 
These objectives are obviously interrelated. To achieve them, our 
basic approach includes an adequate program for the prototype space­
craft system with tight control of the configuration after prototype quali­
fication. We 6re planning a lean but effective reliability and quality 
assurance program carefully tai-lored under the basic guidelines of the 
NASA reliability and quality assurance series of publications. Other 
specifications and standards pertaining to semiconductors, other elec­
tronic parts, mechanical parts, soldering, workmanship traceability, 
etc., will also be utilized. Pr6ven and available high reliability parts, 
such as those listed in the GSFC Preferred Parts List (PPL) will be 
considered to assure that the design is inherently reliable. 
The reliability and quality assurance programs for SATS will be 
closely monitored to assure compliance with established reliability and 
quality assurance requirements. Available DOD quality assurance per­
sonnel will be utilized to support NASA/GSFC with in-plant monitoring, 
inspection and witnessing of tests in accordance with existing NASA/DOD 
agreements. 
The environmental test program is designed to further enhance the 
achievement of the above objectives. The design qualification phase will 
be sufficiently comprehensive to assure that the system design is indeed 
suitable to satisfactorily operate in the launch and space environments 
for a period of up to 180 days. 
All mandatory environmental tests, and other tests as required for 
"designquahlfication" of SATS will be accomplished in accordance with 
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the GSFC test specification S-3Z0-G1, "General Test Specification for 
Spacecraft and Components." This phase of testing will be applicable 
to the first SATS made, which will be called a protoflight unit. For 
reasons of economy, we will fly the prototype spacecraft. This has been 
done before on other programrs with excellent success, and is now com­
moxxpractice at GSFC. 
Complete environmental testing of the protoflight unit in compliance 
\vith S-3Z0-G-1 would require a large amount of testing time. This time 
can be considerably reduced, by introducing an engineering spacecraft 
model (w/dummy packages) and using this model to prove out (1) the 
structural integrity, (Z) the thermal system design, and (3) the develop­
ment of a comprehensive experiment/service module interface speci­
fication. 
Following the successful flight of the protoflight SATS, subsequent 
spacecraft would be subjected to minimum necessary testing. In com­
pliance with S-320-G-1, waivers from some mandatory testing would be 
sought, in order to tailor the environmental testing program to the needs 
of the project objectives (i.e., quick reaction time and economy of 
operation). 
5.6 EsLimated Spacecraft Costs 
A preliminary estimate was made of the spacecraft costs. These 
are averages of rough estimates obtained from GSFC and outside sources. 
Costs-are for the spacecraft only and do not include costs of the experi­
mients, vehicles, ground operations. The two figures indicated are the 
costs of the initial spacecraft and that of each subsequent unit. 
SATS/SCOUT SATS/DELTA DELTA/PIGGYBACK 
$z.6M - 2.oM $4.OM - 2.9M $Z.7M - Z.OM 
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5.7 Payload Delivery System Cost Comparison 
Ln order to put the SATS cost data into a perspective that would 
permirt comparison with other applications spacecraft Table F was de­
veloped. Table F shows the experiment orbital delivery cost per pound. 
This was calculated by adding the spacecraft costs only and launch ve­
hicle costs and dividing the total by the experimeat weight. The actual 
cost and experiment weight data were used for ATS-1 through -5, 
NIMBUS-4, and TIROS-M; data for the other spacecraft are taken from 
POP-70-1, March 1970. The SATS experiment weight used for these 
calculations were 75 lbs., 1-50 lbs. and 75 lbs. for SATS/Scout, SATS/ 
Delta, and Delta/Piggyback, respectively. The spacecraft costs were 
taken from Section 5.6. 
TABLE F. DELIVERY SYSTEM&COST COMPARISON 
$ /pound 
Nimbus 4 $169K 
Nimbus E&F 97K ea 
ATS 1-5 151K ea 
FTS flO 147K ea 
Tiros-M 133K 
ERT A&B 80K ea 
SATS/Scout '56K ea 
SATS/Delta 60K ea 
Delta/Piggyback 36K ea 
The piggyback spacecraft is not charged with any vehicle costs. Also, 
there is no ground operations or experim'lent costs included for any of the 
spacecraft mentioned above. t 
It should be remembered that the SATS objectives do not include 
long life, world mapping or 100% duty cycles. Therefore, while SAIS 
would appear to be economical for testing applications experiments and 
technology, it operates in a different regime for different purposes and 
thus may not be directly comparable with other spacecraft programs. 
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6.0 MANAGEMENT AND SCHEDULNG 
6.1 Management Approach 
The approach to management of the SATS program activities in­
cludes the period prior to a FY 1972 new start, as well as the formal 
project direction following program inLtiation. 
Until the new start, the existing study team Will continue to review 
program, user, and hardware requirements for SATS. This will involve 
the use of civil service and contractor personnel. Small study contracts 
may be let to permit several outside teams, in addition ro the Goddard 
team, to review the applicability of existing spacecraft systems and siib­
systems to the synthesis of SATS standard design concepts. Following 
review and selection of designs by Goddard, system and subsystem 
specifications would be prepared for use of in-house designers, assuming 
the first spacecraft were done in-house, or for use in a statement of 
work for the first spacecraft to be contracted. In either event, it is 
planned that follow-on spacecraft, after the first of each type, would be 
produced out-of-house. The preparation of adequate system and sub­
system descriptive specifications during FY 1971 is a necessity if a 
FY 1972 new start is to result in a first flight within 18 to Z4 months 
thereaffter-
6.Z An Illustrauive Pilot Program 
A pilot program will be described in the final report. IT will be 
discussed here only in outline, since its composition and options are 
still under active consideration. The preparation and planning of a pilot 
program for SATS operation permit s the development and tradeoff of 
critical program parameters such as capability, schedule, and resources. 
The pilot program will permit SATS to build up to a desired capa­
bility over a period of approximately two years. It will also confirm 
basic program parameters and allow their modification or adjustment 
as a result of what is learned during this period. 
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The three basic spacecraft design /configurattons described in 
Section 5.4 are all part of the pilot program. This will contribute to a 
balanced mix of spacecraft and rmissions adequate to prepare for probable 
future SATS operations. 
The pilot program now under consideration envisions an FY 197Z 
new start and a phased-in follov-on program that could be initiated in 
FY 1973 or 1974. The following launch schedule, Table F, gives the 
number of launches by spacecraft type per calendar year. Shown in 
parentheses are launches associated with a follow-on progran that can 
continue at any desired rate. The nature of this program lends itself to 
considerable flexibility in nurnbei s of launches per year, -without causing 
correspondingly severe impact on project management. 
TABLE G. SPACECRAFT LAUNCHES 
CALENDAR YEAR 1973 1974 1975 1976 
SATS/SCOUT 2 2 (3) (3) 
SATS!DELTA 1 i1 (Z) (2) 
DELTA/PIGGYBACK i 1 (1) (1) 
TOTAL SPACECRAFT 4 4 (6) (6) 
6.3 Resources 
6.3.1 Manpower 
The proposed FY 71 study effort will require approxim tely 10-12 
man-years. A FY 1972 new start will, of course, require an increase 
in manpower that will depend on whether a first spacecraft design is 
done in or out-of-house. An in-house design effort is estimated to build 
up to about 100 man-years per year within two years of start-up. Civil 
service manpower requirements for an out-of-house program are esri­
mated at 30 to 40 man-years per year following start-up. This level of 
manpower, is also representative of vhat will be required to run the 
program during its routine operational phase. 
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6,3.Z Funding 
Total funds required for a FY 1972 new start flight program would 
depend on the mix of Scout, Delta and Piggyback spacecraft to be launched 
in a given period. If the pilot program described previously, consisting 
of 4 Scouts, 2 Deltas, and Z Piggybacks launched over CY 1973 and 1974, 
is assumed, then the total cost for the spacecraft, project management, 
and ground operations would be on the order of $Z5M. The major cost 
is spread over FY 197Z, 73 and 74 with some operations costs in 
FY 1975. The follow-on program yearly cost would be proportional to 
the number of launches per year and the time lag between the pilot pro­
gram and the follow-on program. 
7.0 CONCLUSIONS AND RECOMMENDATIONS 
7.1 Preliminary Conclusions 
it is concluded that the SATS concept of a quick reaction program 
involving several types of standardized spacecraft for testing applica­
tions subsystems, components, parameters and principles may be feasible, 
significant impact on the stated objective of increasing the rate of prog­
ress of NASA applications programs. 
It is concluded that a modest SATS program may be achieved at a 
cost that compares favorably with Explorer class programs. 
It is concluded that no significant amount 'of new systems develop­
ment is required to synthesize SATS spacecraft designs from existing, 
off-the-shelf, flight proven hardware. 
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7.2 Recommendation 
It is.,recomrnended that continuing study/SRT effort be expended 
during FY 1971 to support a prospective FY 197Z new start. 
8.0 POTENTIAL PROBLEM AREAS 
In an analysis of a new procedure or concept, such as SATS, close 
attention must be given to both admainiszrative and technical problems 
resulting from novel progranm requirements. The most significant areas 
requiring additional attention result from SATS' promise of QUICK 
REACTION. There are other areas of lesser significance, which will 
receive continued surveillance, but which are not seen as crucial. 
8.1 Experiment Selection 
A premise of the SATS program concept is that it can integrate and 
-flyexperiments within 3 to 6 months of the time such equipment is de­
livered to the spacecraft integrator. This premise can be completely 
negated if existing flight program experiment selection procedures are 
required. These procedures typically allow for competitive selection 
with design and development through several flight and spare m--udels-
Cognizance is also taken of a two to four year spacecraft development 
cycle. SATS, alternatively, would fly experimental or prototype hard­
ware, based principally on (1) need to fly and (2) availability of hardware 
for integratfon. This type of test and development service may requilre 
a variation of existing selection methods or new ones. Several appropri­
ate questions to ask now are: 
(1) Should there be Announcements of Flight Opportunities (ArO) 
(2) If yes, should they be open APO's, or periodic AFO's" 
(3) If no, how should experiments be solicited? 
(4) Should selection be by subcommittee, ad hoc committee, or 
appropriate HQ program or discipline office?2 i 
Since SATS may be viewed as a continuing level of effort program, 
experiments might be selected semi-annually approx-imately one year 
before beginning of spacecraft-experiment integration. Some experi­
mnents can be available for integration in less than a one-year period. 
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This situation poinrts up the fact that did SATS project office ill have to 
maintain close experimenter liaison for two or three spacecraft simul­
taneously, each on a different schedule. 
8.Z Program Flights Approval 
As in the above discussion, quick reaction may imply new or modi­
fied procedures for obtaining program approval of a number of flights 
sufficiently far in advance so as not to inhibit the quick turn around 
necessary between flights. For this purpose the study has been re­
viewing Program Approval Documents (PAD's) of OSSA programs with 
the assistance of the cognizant Program Manager. In particular, it has 
been noted that parts of both the Sounding Rockets PAD, 85-850-879, 
and the Explorers PAD, 85-850-850, have certain objectives, interfaces, 
and operational and management consideratons which are analogous to 
the SATS program. Based on these precedents it should be possible to 
develop a SATS PAD which provides annual approval of several planned 
flights and incorporates the management flexibility to direct the necessary 
quick reaction. , 
8.3 The Non-Standard Spacecraft 
i is -Xpectedthat there will be so.-- small percentage of experi­
ment or mission reouirements that cannot be accommodated by the three 
standard spacecraft designs. In' such cases, a unique spacecraft must be 
designed and developed. The question posed by this situation is: I-low 
best to manage and phase such an element within the context of developing 
and operating a SATS capability? It is planned to fully address this ques­
tion during the FY 1971 study continuation. Examples of possible unique 
spacecraft designs include: drag free, gravity gradient research, and 
remote maneuvering technology. 
REFERENCES
 
A detailed list of the I-eferenced documents will be included in the 
final repor. 
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APPENDIX A 
EXAMPLES OF ILLrSTRATIVE EXPERIMENTS 
The following tables and figures are included as a small sample of 
illustrative SATS-type experiments. They are presented to more fully 
explain the objectives and characteristics of these experiments and 
their relationship to the SATS spacecraft. 
A--i 
TABLE A-I. RFI AND MULTIPATH SURVEILLANCE 
RANGE.OBJECTIVES: 	 1. COLLECT DATA ON RFI SOURCES IN THE VHF 
Z. 	 INVESTIGATE MULTIPATH PROBLEMS. 
3. 	 INVESTIGATE THE USE OF INTERFERENCE AND 
MULTIPATH BEJECTION TECHNIQUES. 
CHARACTERISTICS: 1. SWEPT-FREQUENCY, VARIABLE GAIN RECEIVER. 
Z. 	 S-BAND DATA TRANSMISSION TO GROUND. 
3. 	 USE OF ANOTHER SATELLITE (e.g., ATS) AS RF SOURCE 
OR RECEIVER. 
N 
USERS: 	 TRACKING AND DATA RELAY SATELLITES -, COMMUNICATIONS. 
LAUNCH VEHICLE: SCOUT 
ORBIT: 300 NM
 
EXPEPIMENT WEIGHT: 10 POUNDS
 
EXPERIMENT POWER: 5 WATTS 
PLAYBACK
 
RECORD
 
2300 Mhz 
V -140-154 MH 
/ 
/ I/16-130 mHz 
STATION
 
Figure 1.RFI and Multipath Surveillance-REF Mode 
Figure A-1. RFI and Multipath Surveillance RFI Mode 
--
I 
ATS 
"T A 
Figure A-2. RFI and Multipath Surveillance Multipath Mode 
TABLE A-2. L-BAND AIRCRAFT COMMUNICATIONS 
OBJECTIVES: ]. 	 DEMONSTRATE ACCURACY OF AN ACTIVE RANGING 
SYSTEM USING SATELLITES IN PROVIDING AIRCRAFT 
POSITION. 
2. 	 DETERMiNE GRADE OF SERVICE FOR VOICE AND DIGITAL 
LINKS BETWEEN GROUND AND AIRCRAFT VIA SATELLITE. 
3. COLLECT DATA ON MULTIPATH EFFECTS AT L-BAND. 
CHARACTERISTICS: 1. SYNCHRONOUS ORBIT 
2- L-BAND TRANSPONDER WITH DIRECTIONAL ANTENNA 
(15 DB GAIN) 
USERS: NAVIGATION AND TRAFFIC CONTROL' 
LAUNCH VEHICLE: DELTA 
ORBIT: SYNCHRONOUS 
EXPERIMENT- WEIGHT: 	 40 POUNDS 
EXPERIMENT POWER: 	 80 WATTS 
OPERATIONS: 	 USE OF AIRCRAFT IN COORDINATION WITH GROUND STATION 
AND SATELLITE. 
SATS 
i55Ft~'t~AIRgAFY 
\~ N, 
WAVE 
Fignr e A-3,, L-Band Aircraft Communications Surveillance /Comnmunications Mode 
SATS 
1850Mhz \ \ 
N 
igrL tORAET 
Figu~re A-4. L-Band Aircraft Communications Mu'3itath Modle 
TABLE A-3. RADIATIVE COOLER INSTRUMENTATION 
OBJECTIVES: 1. 	 INSTRUMENT A, RADIATIVE COOLER TO DETERMINE 
CAUSES AND SOURCES OF CONTAMINATION/CONDENSATION. 
2. 	 TEST TECHNIQUES FOR COUNTERACTING THE CONTAMINA-
TION 
CHARACTERISTICS: 1. AVAILABLE RADIATIVE COOLER (ITOS OR NIMBUS -TYPE) 
2. 	 NEUTRAL PARTICLE MASS SPECTROMETER TO DETECT 
TYPES OF FOE:EIGN GASEOUS MATERIAL PRESENT. 
3. TWO HIGH-SENSITIVITY PRESSURE GAGES AS USED ON 
c AE-B TO DETERMINE AMOUNT OF GASEOUS MATERIAL. GO 
USERS: 	 TECHNOLOGY, METEOROLOGY, EARTH RESOURCES 
LAUNCH VEHICLE: SCOUT
 
ORBIT: 300 NM
 
EXPERIMENT- WEIGHT: 38 POUNDS 
EXPERIMENT POWER: 18 WATTS 
TABLE A-4. TIME/FREQUENCY STANDARD SATELLITE 
OBJECTIVES: 1. 	 DEVELOP PRECISE ATOMICALLY CONTROLLED WORLD-
WIDE TIME AND FREQUENCY REFERENCES. 
2. 	 IMPROVE PRECISION- OF SATELLITE TRACKING (RF and 
Laser) 
3. MEASURE RELATIVISTIC 	 EFFECTS. 
CHABACTERISTICS: 	 1. SPACECRAFT ATOMIC CLOCK (CESIUM NOW, HYDROGEN 
MASER IN TH[E FUTURE). 
Z. CORNER REFLECTORS FOR LASER TRACKING, 
USERS: GEODESY, NAVIGATION, TECHNOLOGY 
ORBIT: I - GEOSYNCHRONOUS; 2, 3 - HIGHLY ELLIPTICAL Z4 HOUR 
EXPERIMENT WEIGHT: 40 POUJNDS, INCCUDING TRANSMITTER 
EXPERIMENT POWER: 35 WATTS, I]NCLUDING TRANSMITTER 
OPERATION: TRANSMIT TIME CODES AND STANDARD FREQUENCIES 
MAKE GEODETIC MEASUREMENTS 
TABLE A-5. MULTISPECTRAL IMAGE DISSECTOR 
OBJECTIVE: 	 EVALUATE A HIGH-RESOLUTION, MULTISPECTRAL IMAGE 
DISSECTOR FOR USE AS AN EARTH RESOURCES SENSOR. 
CHARACTERISTICS: I. 	 IMAGE DISSECTOR SYSTEM WITH SEPARATE APERTURES 
FOR SIMULTANEOUS IMAGING OF THREE SPECTRAL BANDS. 
Z. S-BAND DATA TRANSMISSION. 
USERS: EARTH RESOURCES 
LAUNCH VEHICLE: SCOUT 
ORBIT: 300 NM 
EXPERIMENT WEIGHT: 90 POUNDS 
EXPERIMENT POWER: 30 WATTS 
OPERATIONS: 	 VIDEO AND S-BAND TRANSMITTER COMMANDED ON AND OFF 
WHEN OVER STATION; BACKUP TIMER TO INSURE TURNOFF. 
APPENDIX B 
COMMUNICATIONS LINK CALCULATIONS 
Since the SATS service module characteristics and experiment 
module data provisions have not been finalized, the link calculations 
below are shown only to indicate the possible data rates for some as­
sumed configurations. Tables B-1 and B.--Z were developed using a 
computer program for such calculations. The assumed parameters are 
listed at the top of each table. The energy-per-bit to noise-power­
density ratio [STI(N/B)] required corresponds to a bit-error rate of 
-I0 - 5 for an uncoded PCM signal. The 1000 mile range shown on both 
tables corresponds to the maximum slant range from a 300 mile orbit, 
and the 26,000 miles corresponds to a geosynchronous orbit. 
Table B-i shows the capabilities of a 136 Mi Iz (beacon) system. 
The spacecraft has a low-power transmitter and omnidirectional an­
tenna, while the assumed ground station has a 30 foot dish antenna. 
From the 300 nile orbit the link capabilitylexceeds the ground station 
capacity even under these assumptions. From synchronous orbit, there 
is enough available bit rate for full-time housekeeping, as well as the 
beacon function. Should a higher bit rare be desired fron geosynchro­
nous orbi, a higher transmitter power. a directional spacecraft antenna, 
or a larger ground station antenna could be used. 
Table B-Z shows the capabilities of two different S-band systems. 
Both assume a one watt spacecraft transmitter and a 45 foot dish at the 
ground station. Capabilities are shown for spacecraft with an omn­
directional antenna, and with a moderate gain antenna, which might be a 
one foot dish or a planar array aboult 18 inches square. The 15 db gain 
corresponds to a little more than 20 degrees beamwidth, or enough to 
cover the earth including attitude errors from synchronous orbit. The 
results indicate that an onmnidirectional spacecraft antenna should be 
sufficient for data requirements from the low orbit, while a moderate 
antenna gain is probably necessary for geosynchronous orbit. As with 
the VHF system, transmitter power and antenna gains may be altered 
from the figures shown, if required. 
If Alaska and Rosman are used as the prime SATS ground stations, 
85 foot dishes will be available, providing gains of 30 cit and 53 db at 
VHF and S-band respectively. As the spacecraft aihd opera zans require­
ments become better defined, these, and other changes, will be incorpo­
rated into the link calculations. 
B-i 
TABLE B-i. VHF COMMUUNICATIONS LINK 
VHF Frequency 136 ivfflz 
Transmituer Power 0. 2 W
 
Transmitter Antenna Gain -3 db
 
Receiver Antenna Gain 21 db
 
Required ST/(N/B) 11 db
 
Losses: Polarization 3 db
 
Sync & Pointing I db 
PLL S/N 9 db 
PLL B-YW 3 Hz 
Margin 6 db 
System Nolse Temperature 1450 K 
Range (Star. ni.) Bit Rate (bps) 
1000 69 K
 
5000, Z700
 
10,000 690
 
26,000 100
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TABLE B-Z. S-BAND COMMUNICATIONS LINK 
S-Band Frequency Z300 MHz 
Transmitter Power 1 W 
Receiver Antenna Gain 48 db 
Required ST (N/B) 11 db 
Losses: Polarization 3 db 
Sync & Pointing ] db 
PLL S/N 9 db 
k3L HVVW 
Margin 6 db 
System Noise Temperature 300 K 
Range (Stat. mi.) Bit Rate (bps) Bit Rate (bps) 
-3 db rxrtr. ant. 15 db xmtr. ant. 
1000 Z13 Mi 148 M 
5000 94 k 5.9 M 
10.000 23 K 1.48 M 
z6,000 3460 218 K 
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APPENDIX G 
ABSTRACTED FROM THE NATIONAL ACADEMY OF SCIENCES, 
CENTRAL REVIEW COMMITTEE'S REPORT 
"USEFUL APPLICATIONS OF EARTH-ORTENTED SATELLITES", 1969 
R P D APPLICATIONS 
Conclusions 
"It is likely that, in most space applications, it will be desirable for 
NASA to continue its technical program leadership beyond the research 
and engineering development stage into a phase of 'pilot' operation, 
taking responsibility for the total space-flight experimental system: 
...Potential user agencies, however, should participate actively in the 
planning and design of experimental programs 
R ecomnendation 
"iTASA shouild accept responsibility for organizing the required 
space-flight operational experiments in close cooperation with potential 
users, and for providing the necessary satellites and related ground 
equipments to execute this important phase in the developmeu of space 
applications." 
INTERNATIONAL 
Conclusion 
"'In examining existing or suggested patterns for internalional space 
applications, the CRC has reached strong convictions on the importance 
of institutional arrangements that can be adapted easily and rapidly to 
functional requirements as they evolve with the technology. Imaginative 
organizational and political innovation may be as crucial as technical 
innovation in this sphere, especially where national systems interface 
with international ones." 
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Recommendation 
"NASA, in cooperation with the Department of State, should continue 
to develop its international programs concerned with space applications 
... to ensure the development of a favorable climate for international 
acceptance and use of practical space applications, as they become 
technically feasible.'' 
MANNED AND UNMANNED FLIGHTS 
Conclusion 
".. . the manned program has provided technological developments 
of importance to many aspects of space flight and the use of space. .... 
Additionally, this program will provide significant opportunities to test 
sensors and to prove out techniques ... . Howev4r, the use of manned 
vehicles per se does not, at present, appear necessary or desirable for 
the operation of the various space applications systems considered by
Ithis study," 
Recommendation 
"Manned programs must be justified in their own right; they cannot 
be 3ustified in terms of space aplications." 
MLETEOROLOGY/EARTH-RESOURCES SATELLITES* 
Conclusion 
"... Certain R&D programs give unusually great rewards; these 
are generally in areas of investigations that are on the steep part of the 
learning curve. Such an area is sensor-signature research - consid­
ered the single pacing element in earth-resources applications, and of 
value to other fields, suchas oceanography and geology." 
*Under this topic a number of conclusions are presented, each followed 
by an appropriate recomuendation. 
C-2 
R ecommendation 
"Support of sensQr-signature R&D should be increased, as we are 
convinced that a modest investment in this area will generate great ad­
vances in our capability to evaluate the use of satellites for beneficial 
purposesp."
 
Conclusion 
"We conclude that, in the near future, satellites can be flown with 
imaging sensors that can provide useful output data. ... A common 
approach involving forestry, agriculture, geography, hydrology, and 
possibly oceanography is feasible. .. . An operational system for over­
all earth-resources information seems realizable within a decade if the 
results of R&D are favorable." 
R ec ommendation 
"NASA should promptly initiate a pilot program to provide pictorial 
information in familiar and immediately useable form ... could be of 
the Global Land Use (GLU) type... The potential value of side-looking 
radar for geology .. .should be explored. Planning ... should be started 
for the evolution vithin 10 to IZ y';r3 of a substantially broader system 
with more sophisticated sensors. A facility of critical size is necessary 
to sustain the data processing and R&D needed to develop the second­
generation system." 
Conclusion 
"Direct quantitative inputs for mathematical models are needed in 
the interests of numerical weather prediction ... Large, high-speed 
electronic computers are available ... " 
R ec omnendation 
"NASA should continue to support and expand its space technology 
programs aimed at securing the quantitative, world-wide, general­
circulation atmospheric information required by the meteorological 
community for mathematical models of the world weather system." 
Conclusion 
"The geosynchronous meteorological satellite .o (vith) ... the 
constant surveillance of the weather of a large part of the globe permits 
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observation of the growth of storms, measurement of winds .. . de­
veloping mesoscale weather." 
Recormendation 
"NASA and ESSA should continue to exploit this usefulness, leading 
toward capability for full tests by 1971. To permit rapid video playback 
in near-real time for warning, . 
Conclusion 
"At present, more than 14,000 small data-collection platformis are 
operating around the world; the number is expected to reach Z6,000 by 
1975. Only restricted synoptic, ieal-time, data-collection service .. . 
now exists. Itis important that all the data be collected on a timely 
schedule, and a satellite, syster is substantially less costly than the 
conventional means of doing so." 
Recommnendation 
"Develop and deploy operationally a data-collection relay satellite 
system, to provide for the interrogation and collection of data from 
large nunmbers and tyies of Videly dis-riouted daLa pi- t3fy's nd 
for the relaying of those data to specified data-processing centers." 
Conclusion 
"Real-time readouit of imagery direct from satellites to ground 
(may not always be desired or required). The necessary on-board, 
vide-band, long-lived data storage and transmission equipment is be­
yond the present state-of-the-art." 
Recommendation 
"We recommend that an early determination be made of operational 
and cost advantages realizable from the on-going NASA Data Relay 
Satellite System Program ... 
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COMMUNICATIONS AND NAVIGATION 
Conclusion 
"Broadcast by sat(lites is technically feasible from lov-power 
satellites wlith large ground stations for transmission and/or re-broad­
cast, to high-power satellites with direct broadcast into homes." 
Reconnendation 
"Of all the uses we find for the different classes of broadcast satel­
lites, two seem so easy technically, so reasonable economically, and so 
potentially desirable that we recommend consideration of their iniple­
mentation by the proper authorities as a mnatter of high priority. One 
is a multi-channel distribution system for the use of network television 
transmission for both the private and public sectors of the industry. 
The other is a multi-channel system of the 'teleclub' type for educa­
tional, instructional, and informational television for developing coun­
tries, as well -as for those audiences sparsely spread throughout the 
United States, who require and need programming suited to their special 
interests - e.g., physicians, lawyers, engineers, educators." 
C onclnsion 
"A satellite system for navigation and traffic control over the North 
Atlantic would be likely to pay its way for shipping alone, provided all 
shipping were included. It would also provide for aircraft." 
Recommendation 
"Immediately undertake efforts to design a system, identify the 
necessary operating organizations, and start the necessary R&D for 
establishment of a North Atlantic satellite navigation and traffic-control 
system to provide en route traffic control of transoceanic aircraft, 
traffic control of surface vessels in confluence areas, and improved 
search and rescue operations at sea." 
FREQUENCY UTILIZATION 
Conclusion 
"The increasing use of satellites kvill, we anticipate, necessitate 
very large allocations in the radio-frequency spectrum. To accomplisb 
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this, effecti-re long-range plans for management of the RF spectrurn
 
must be formulated and implemented
 
Recommendation 
"The U. S. Government should promptly identify or create the 
authoiity to manage the total U.S. use of the radio-frequency spectrum... 
- The Government and other appropriate responsible groups should also 
work toward increasing effectiveness of international agencies that are 
responsible for reaching agreements in radio-frequency management." 
Conclusion 
"The availability of assignments in the radio-frequency spectrum
 
will pace the entire scope of satellite applications."
 
Recommendations 
"Irmediate consideration should be given, ... to initiating the 
frequency-allocation process in order to secure frequency assignments 
.ithin the following bands­
"U 	 108Mz for 11""l broadcast 
"2) 	 470-890 M1z for direct-to-home broadcast (possibly restricted 
to upper end of band) 
"3)'2500 MHz band for educational TV and other TV services
 
"4) 	 12,000 MHz for distribution service 
"5) Allocations in the 18-GHz and 35-GHz bands which may have 
important future uses." 
ORBITAL SPACING 
Conclu sion 
"Crowding of the geosynchronous orbit, causing radio-irequency 
interference, especially at continent-bisecting longituds, may require 
imternational agreement for positions in the geosynchronous orbit.' 
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APPENDIX D 
MEMORANDA OF APPLICATIONS WORKING GROUPS 
The memoranda below are suggestions and philosophies of the 
Application Working Groups as regards SATS. They should not be taken 
as indicating the complete inputs from the Working Groups, since, as 
mentioned in the text of the report, many inputs were obtained orally, in 
the course of meetings between the SATS Study Office and the individual 
Working Groups. 
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UNYTED STATES GOVERNMENT 
Memorandum 
TO "r. E. i. Hymowitz DAT: April 6, 1970 
SATS Study Manager 
FROM : 	S. Gubin, Chairman 
Communications Working Group 
SUBJECT: 	 SAiS Experiments 
I should lake to suggest that the highly successful LES program

is the Air Force's parallel to SATS, and, that you and Dr. Hovis should 
try to visit Boston to see what they have done in the Communications 
area. I should be g2ad to accompany you, if you wish, and to make 
arrangements for the visit 
There are numerous experiment possibilities for SATS some of uhich 
are as follows: 
1. 	 Measurement of Earbh temperature from VTf information Millimeter 
Wdave range with various spacial and bandwidth resolutions. 
2. 	 Transmissivt-ty of frequenciez, from VIm' thru the optical range, 
considering the numerous impairments because of ionospheric 
and 	atmospheric effects on signal strength and despersion.
 
3. Experiments in multiple-beam formation and control in the 
Millimeter Wave region (smll antennas suit SATS) 
4* 	Tests of retrodirective antennas with uited scan angle. These 
require fewer radiating elements and transponders. 
5. 	 Time synchronization for aircraft having collision avoidance 
electronics on board,
 
6. 	 Data acquisition fromand tracking of low orbiting satellites 
from synchronous stationary orbit, when each end of the lank 
has a high gaia aperture. 
Bty U.S Savings Bonds Reg.larly on the Payroll Sazzngs Plan 
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Subject: SATS Experiments
 
These are only a few examples of what can be done ith SATS. The 
detailed information you need would become evident only after study, 
In effect, such data would become a critical part of any experiment 
proposal, and the effort to produce such data would be thab needed for 
a proposal. 
Samuel 8ub -
Chairman 
SG:lac
 
cc: WGo Stroud
 
D.G. Mazur 
M.I. Schneebaum 
Dr. W.A. Hovne
 
Dr. R.J Coates
 
R.Jo Darcey
 
RHo Pickard
 
L.R. Stelter
 
WP, Varson
 
CPP. Smith
 
Dr. W. Noedberg, Chm, Earth Resources W/G
 
Dr. F.O. Vonbun, Chin, Geodesy WIG
 
WR. Dand ea. Olhu2 Mateorol'- tuG 
0.R. Laughlim, Chm, Navigation Traffic Control W/G 
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Dr. F. 0. Vonun, Chief I 	 April 29, 19?0 
Mission & Trajectory Analysis Division 
Ir. E. 1S. Ijnowitz I 
SAS 	 Study Manager 
A Possible Snrll Applications Technology Satellite (Mini
 
GEOS, Siry)
 
Your suggestions regaroing the uossible application of 
laser corner reflectors for long term geodetic measurements 
are useful and rill be incorporated into the study. 
There are other possibilities that come co mind In 
addition to a unique spacecraft, tant may also have merit 
and should be considered. 
1. Corner reflectors as payload becomes available
 
on"standard" SATS.
 
2. A standard" SATS with geodetic/STADAN payload
 
of laser corner reflectors and time/frequency reference
 
emitters.
 
3. An experiment to test the feasibility of
 
accurately determIning spacecraft atttude and the motion
 
of spdcecrait booms through laser returns.
 
Please comment.
 
E Hymowltz
 
cc: 	 Dr. J. F. Clark, Code 100
 
UTx. J. T. engel, Code 500
 
Mr. C. A. Schroeder, Code 501
 
Mr. W. G. Stroud, Code 110
 
Chairmen, Applications Program Working Gran, 
Mr. D. G. Mazur, Code 100
 
Mr. M. Sehneebaum, Code 730
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UNITED STATES GOVERNMENT 
T1O ZfMr. E. W, lHyaowitz 
SATS Study Manager 
DATE April 24, 1970 
-ROM Chairman, Space Applications Program Working 
Group - Geodesy 
SUJECT: A Possible Small Applications Technology Satellite (Mini GEOS, Siry) 
-
For geodetic purposes, spacecraft in low inclined orbits (i 200)
 
are needed for zonal harmonic determination.
 
A "corner reflector only" (see Fig. 1) spacecraft would be not
 
only cost effective (piggyback), but also a tool valuable for many
 
years on an international basis. The Minitrack system, heeding
 
almost no power and no electronics, would be used for ease of firding.
 
Many nations will have laser systems in operation over the next few
 
years.
 
This is a spacecraft which meets SATS requirements, small,
 
applications. .
 
/ 
F. 0. Vonbun, Chief
 
Mission & Trajectory Analysis Division 
Tracking L Data Systems Directorate 
cc: Dr. J. r. Clark; Code 00
 
Mr. J. T. Mengel, Code 500
 
Mr. C. A Schroeder, Code 501
 
Mr. W. G. Stroad, Code 110
 
Chairmen, Applications Program Working Group
 
550-26M-F0V: 3pra
 
Buy U S Savings Bonds Regula ly on tibPayroll Saings Plan 
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UNITED 	STATES GOVELNMENT 
Mermorandum
 
TO : 	 Mr, E. W. Hymowitz DATE: Nay 6, 1970 
SATS Study Mahager 
PROM : 	 Chairman, Space Applications Program Working 
Group -	Geodesy
 
SUBJEaT: A Possible Small Applications Technology Satellite (Mini GEOS, Siry) 
Reference: Your memorandum dated April 29, 1970, same subject
 
I agree with 1, 2, and 3 of your memorandum.
 
I suggested that I be done on an international scale during the
 
ISAGEX meeting in Paris, January 13, 1970.
 
Number 3' was suggested by Dr. Smith and is being studied for 
hA 4 
F. 0. Vonbun, ChiefVI 
Mfission & Trajectory Analysis Division
 
Tracking & Data Systems Directorate
 
cc: 	 Dr. J. F. Clark, Code 100, w/ref
 
Mr. J. T. Mengel, Code 500, xlref
 
Mr. C. A. Schroeder, Code 501, v/ref
 
Mr. W. G. Stroud, Code 1i0, w/ref 
Chairmen, Applications Program Working Group, w/ref 
550-30M:FOV: jmw 
ru)U.S. Savtzgs Bonds Regklarly n he PayrollSavings Plan 
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UNITED STATES GOVERNMENT 
Memorandum 
TO : Emil lq, Hymowitz DATE: March 27, 1970 
SUS Study 1,Mnager 
FROM : W. R. Bandeen, Chairman 
Mateorology Program Working Group 
suBJEr: &ATS Study Support Requirements 
REFERENCE : 	Memorandum from Mr. Hymoitz to Chairmen GSFC Applications Working 
Groups, sam Subject, dated March 13, 1970 
The Meteorology Program Working Group CMSTW0G) has discussed 
the rationale for a SATS Program and the types of experiments 
that might purposefully be acconmodaced on a SATS during two recent 
meetings (on 17 and 23 March 1970). Tle following five persons,
representing the SATS Project, briefed NEMG (in response to an 
invitation) 	at the 23 March meeting: 
Mr. E. Itnrowtz, Study Manager
Mr. J. Conn, Assistant Study Manager 
Dr. W. ovis, Pro3ect Scientist 
Mr. M. Balderston, Systems Engineer 
Dr. W. West, Consultant 
MfTWG maebers attending the 23 March meeting we-e Messrs. Bandeen 
Butler, Conrath, Gould, Ostrow, SchuLnan, and Shenk. Drs. Nordbe 
and Rasool attended the 17 March meeting but were unabie to attend 
on 23 March. An executive session of fG members concluded cheW-DI 

23 March meeting.
 
It became apparent at the end of the second meeting that it 
had not been possible to reach a clear, ifutable nosition regarding 
the rationale and types of experiments applicable to SATS. We feel 
thai. considerably more time is needed to explore the many ramifications 
of a SATS Program in greater depth. However, the following information 
is advanced on a provisional basis to assist you in preparing your first 
report, due in the next few weeks. 
The following statement was agreed to by the ter'bers of MBTWG: 
A Pationale 	for SAIS: 
To provide a space environrent platfo. for the quick 
test and evaluation of critical technological or scientific 
devices, components, or concepts that can not be tested 
adequantely -and at a lesser cost by the usual means, e.g., 
in a laboratory, cn aircraft. balloons, rockets, etc. 
E-y U.S. Savtigr Bonds Reglarly on the PayrollS 
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This rationale is specifically intended t6 exclude the concept of a 
small satellite that might be dedicated to a siple feull-fledged 
experiment. We do not rile out the nossibility that such a satellite 
might be highly desirable for the proper execution of a given experiment.
if, for exanple, it were shon (and we do not conclude here that it 
has been) that a low-altitude, lov,-nclination satellite wfere needed 
to locate a fleet of constant level balloons and ocean buoys in the 
tropics every 100 minutes or so, a dedicated satellite would probablybe required, along with on-board storage, a high systems relability 
approach in design and fabrication, extensive ground data processing 
and other support facilities, etc. Such a sate]lIlte would in our 
opinion be properly categorized a (small) APPLICATIONS TEGNIOLOCY 
SATELLITE, not a SMALL APPLTIaTIONS TEG OhN SAT LLT-(S---F n 
the context of the rationale enunciated above. 
The followaing four examples of types of experiments of meteor­
ological interest that would be appropriate to a SATS test if a 
program were in existence zoday were suggested by lEVIhG: 
(1) 	 Test of the Differential Poppier Cnncept - The differential 
dopli-r technique for trackin freef- oating constant level 
balloons and buoys to determine Winds and ocean currents 
has been proposed as the basis of a major experiment on 
Nimbus P and as the basis of the Platform location and 
Data Collection sub-svsteCm to be carried on tbe polar­
orbiting satellites in support of the Global Atmospheric
Research Program (CARP). Obtaining sanales of data under 
actual conditions of orbital velocities and realistic RPI 
conditions iould aid in optimizing the design characteristics 
of the technique before a full-fledged experiment is orbited.
 
(2)Test of the Radio Occultation Concept - A multi-gatellite 
scheme to sound the mass field o± the Farth ' s atmosphere 
by means of the radio occultation principle (which has 
been successfully applied to Mariner spacecraft flying 
by Mars and Venus) has been proposed. However, there 
are several major problems confronting the successful 
execution of such an experiment, among them being (a) che 
difficulty of separating reiractivity resulting from 
density, from refractivity caused by water vapor, (b) multi­
path transmissions occurring uhen critical refraction is 
encountered, (c) difficulty of separating the ionospheric 
-3­
contribution to the phase shift from the neutral 
atmospheric effect, etc. An orbital test consisting 
of a "master" satellite and one "slave" satellite 
(e.g., a piggy-back satellite) will probably be 
needed to resolve the question of whether this 
technique is feasible or not. 
(3) 	Test of Radiative Coolers, ptical Conponentsl _ai 
Other terials in the Space Environment - Te 
performance of radiative coolers on the -IRTR 
experiments flown on Nimbus II and III has been 
observed to degrade after a period of time. Similarly,
it has been hypothesized That optical components, 
paints, and other materials have deteriorated on 
many radionetric instruments to explain the degradation 
observed in their data after several months in orbit. 
But the exact nature of these effects is not known. 
It would be advantageous to instrument a radiative 
cooler, selected optical elements, and other components 
and materials and monitor their behavior in orbit. 
If possible, it would be extremely valuable to recover 
the 	.package from orbit for evaluation in the laboratory, 
although it is recognized that such sophistication 
might be beyond the scope of SATS. 
(4) 	Test of Attitude Control and Determination Techmiques -
Advanced sensory syste-m (e-g., hiq-resolution scannr.g 
radiometers) being planned for Mateorological and Eartht 
Resources satellites will require increased attitude 
control and detenrmination capabilities (e.g.,%0.020). 
It would be advantegeous to test such systems in orbit 
and, possibly, subsequently to optimize them before 
incorporating them into full-fledged missions. 
We do not now have knoweledge of data rates, size, weight, 
power etc. on these experiments. Certainly none of them is availabl 
for testing now. Near-Earth orbits (1100-1700 ion) would be required
for the first two experiments. Sun-synchronous orbits (i 1000 ) would 
be acceptable but not necessarily mandatory. The two satellites in 
the occultacion ex-eriment should be in the same orb-t but separated 
in phase by about 70 degrees, with a station keeping capability on 
one satellitr Both near-Earth and geostationary orbits apply to 
the last two exoeriments. 
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MEIG will donsider these and other aspects of SATS at forthcoming 
metings and idl! be in cotmnmication with you concerning these further 
deliberations. I hope these initial thoughts till be of soime value to 
you. 
I. R. Bandeen 
Assistant Ch ef 
Laboratory for Meteorology 
and Earth Sciences 
cc: Dr. Pieper

Mr. Stroud 
Dr. Hovis
 
Menbers, METhS 
Chairmen, Applications Program Working Groups 
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UNITED STATES GO'E RIPNENT 
Memo ondum
 
TO 	 Erd]. V.I my-d& DAT13: April 27, 1970 
SATS Program 
FROm 	 Charles R. Laughlin 
Applications Experiments Branch 
suBjECT. 	 Submittal of Comments on Your SATS Program Presentation of 2J, March 1970 
Attached are copies of uzritten responses received from Navigation 
Worlcdng Group Comttee members to your presentation of March 24th. 
The members submitting responses wore Messrs. Clark, Heffernan and 
Kampinsky. Further, I understand that 11r. Gould submitted haLs response 
directly to you.
 
Thank you for your presentation on SiTS, Should you tish funther 
dialogue tdth the NAVIG Committee we t-j3- be pleased to arrange ib. 
Applications Exnerimentc Branch 
Enclcsures (3)
 
OIZL barn 
cc: with enclosures 
D. G. MAzur 
Dr. J. F. Clark
 
W. C. Stroud
 
Dr. R. Stampfl
 
w/o enclosures
 
P. J. Heffernan
 
E. J. Habib
 
J. L. Baker
 
Dr. R. Rochelle
 
G Clark
 
A. Kampinsky 
X.. 	 B.y U"S. Srvnsn Bards Rqvlary on the Pa.roUSchigjx Phan 
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UNITFD 	STATES GOVEI14MENT 
Memorandum 
TO 	 C.R. Laoghlin, Chairman DATE; March 25, 1970 
NAV/TO Working Group 
ROM 	 P. J. Heffernan
 
Applications Experiments Branch
 
ZU'EGT: 	March 24 meeting with SATS Project Personnel 
The following comments are submitted in response to your request 
that Working Group memberg furnish written inputs to be forwarded for 
Mr. Hymowitz' attention. As is evident, the thoughts expressed below 
coincide to a large extent with those you expressed in the subject 
meeting. 
The SATS Program are presently defined is aimed at providing a
 
quick reaction, low cost spacecraft and launch capability to permit
 
effective in-orbit testing and evaluation of special components, sensors,
 
etc. intended for eventual flight use in major observatory ATS, or
 
operational flight programs. As such, it is difficult to envision SATS
 
program justification on the basis of meeting technology development
 
requirements of the NAV/TC application and other areas of interest to
 
the Working Group. What would appear to be more to the point is a prograi
 
galow cost, quick rcaction flight capabi!ity for the ge ee 
class of current technology applications payloads which, unfortunately,
 
can only at present be flown and demonstrated on the major OSSA "bus"
 
type spacecraft, more often that not over the Project Manager's dead
 
body. Obvious exsmples are the T&DRE package on Nimbus-E (largely a
 
1967 vintage GRARR transponder) and the L-band package on ATS-V. The
 
key word missing from the SATS vocabulary as I see it is demonstration.
 
As you have pointed out, the raw space technology required for such
 
applications as air traffic surveillance, "emergency" broadcast services,
 
data collection, etc. is really here today and needs testing on SATS
 
like it needs a hole in the head. What is needed in each case is the
 
capability of getting simple-minded limited capability system on the air
 
in the 	earliest possiole Lime frame and then let nature, with a little
 
nelp from the NASA Public Information Office, take its course - in no
 
time ac all today's tongue tied users would be banging on the door for
 
Service.
 
SiA Dty U.S Reg"/.dyiDxs3fOse P±.FYrMfl -i1 A,, 
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Subject March 24 Meeting with SATS Project Personnel
 
I endorse your notion of an Applications Development Satellite
 
(ADS) to meet this need. Basic spacecraft characteristics required
 
include
 
synchronous or near-synchronous orbits
 
large earth-pointing antenna apertures or large solar
 
arrays, but probably not both on a single spacecraft
 
* 	relatively loose attitude control requirements
 
" 	payload csentLally a one-way or two-way frequency 
translati, . communications repeater 
I apologze if the above words are not strikingly original - they
 
do reflect my opinions on the SATS question from thepoint of view of 
the navLgations and comuntications disciplines, and are forwarded for 
your use as you see fit. 
%_.He f fr n-- . . . 
PJ lac
 
cc: S. Gubin
 
R.H. Pickard
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UNITED 	STATES GOVERNMENT 
Memorandum 
TO 	 Eo W. Hymowit DAT.: 26 March 1970 
Code 401 
r.om 	 A. Kampinsky 
Code 110 
staTfer: 	 SATS 
This memo reiterates what I discussed around the table at the Navigation 
Applications Working Group meeting on 24 March0 
(i) 	 I consider that experinents that should be carried out on a 
spacecraft, are those that would reveal critical data of sig­
nificance for a number of programs and which could be flow;n at the 
most propitious tibne for maximum benefit to designers 
(2) 	 Suggested candidate experiments would be: 
a) A multifrequency lvfultipath/Pro agtion experiment with sig­
nificance to DRSS, Navsat/Traffic Control and Conmnications. 
a'rIn ,,r e r a 7 ­
-' A - .	 4 C . - . R a d io F xcec l 'ie -. r .1 -n m *v- h 
significance as in a), 
c) 	 Unfoldabie Aperture Antennas, with significance to ERTS, DRSS. 
Nimbus for communications and microwave sensors. 
(3) 	 if the SATS proposals are believable the cited experiments should be
, 
made available within a one-year period, preceded by the total experi­
ments program plan for flight exercises, This would be part off m e 
"quick reaction" concept of SATSo 
(4) 	 I would consider, as a factor of the rationale for SATS, the inherent 
quick reaction time to accomodate, combine, and to reshuffle experi­
ments and the flexibihty to reprogram the launch schedule so as to 
fly at that time when the experimental results may be considered as 
optimum. Also, the sequence of ordered series of flights are valuable 
to certain programs. -- Navigation/Traffic Control and ERTS 
.,3, (5) 	 There is no unique experiment or equipment realtive to the Navigation/ 
Traffic Control functions that would require the SATS capabiJ ilies. 
A. Kampinsky 
Bu 	 Sags-- U.S Bonds .e,'ny on t£ PayrollSatgs R-n 
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UFtWiD STATES GOV-NMENT 
Me orandurn 
TO : Mr. Charles R. Laughlin, Chairman aTa: April 22, 1970 
Navigatton ApplJ cations Program torking Group 
TROX : 	 Head, Advanced Plans and Techniques Branch 
5UBJEO: 	Potential Requirements for SATS (Small Applications Technology
 
Satellites)
 
REER12CE: 	 Memozandum from Mr. Laughlin to Distribution dated March 18, 1970, 
Subject: Meeting to be Held Tuesday March 24, 1970 
The subject documents have been reviewed and th0 following
 
comments are offered.
 
1. The 	 general concept of a quick response, short Iced time 
orbiting test bed is commendable and I feel should be supported.
 
Hoever. I ao not see a direct application to the Nevigation and
 
Traffic Control discipline,
 
2. The concept of lowering spacecraft costs through reducing
 
reliability 	programs. uhile technically commendnblo, s An 
undesirable approach. I make this co nent from experiences
 
u:th the TTS/TETR Project which was sold partially on the same
 
type argument. The concept was lauded by all until a spacecraft
 
fatlure occurred. From that time forward through all the
 
ensuing failure cormittee activities, the concept was forgotten
 
and almost all recommendations from said committees were dzrected 
toward increasing parts reliability and procedures. Therofoie, 1 
would recommend strongly against selling a program on that basgs 
since I feel that the long term potential of such an approach 
results in more liabilities than assets.
 
831:GQC:slb
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UNITED STATES GOVERNMENT . 
TO 

FROM : 

SUBJflCT: 

Memorandum 
Mr. E. W. Hymowitz DATE: March 26, 1970
 
SATS Study Manager
 
Mr. W. I. Gould, Jr.
 
Member, Meteorology Working Group
 
Ersatz Member, Navigation Working Group
 
SATS Presentation Comments
 
This is in response to your SATS presentations of 23 and 24 March.
 
Your March 24th presentation, while it reflected a drastic revision of
 
your Program Objectives along the lines recommended by the METWG, still
 
reflects a "quick-and-dirty" approach to placing experimental equipment
 
in orbit. Further, your minimal approach to reliability and quality
 
assurance, while it may be salable at this point in time , willl only
 
serve to get you in trouble on the occasion of your first obital failure.
 
While both of the above programmatic aspects are negative I feel they
 
can be easily corrected by taking a different approach in your pre­
sentation - I submit the following for your consideration.
 
To avoid the "quick and dirty" categorization your approach could
 
be - 'While SATS is directed toward a minimal integration to launch
 
time frame a typical schedule for a Scout launch would encowpass pro­
grhatlc .la..entsahz.w H,, milestone cbrt
in X"(h.zfigure is a 
depicting all major events encountered from receipt of experiment 
interface definition, thru integration, electrical check out, environ­
mental test, shipping, launch site checkout, and launch). You can point 
out that since this is a typical schedule you would expect some variations 
based upon experimental payload requirements. Further, incorporation of 
a similar schedule for Delta should make this part of your presentation 
reasonably complete. With reference to the reliability and quality 
assurance problem, I feel that the spacecraft subsystems should use space 
qualified componentb independent of whetherlthe experiment is rade of 
chewing gum, moth balls and string. Experiment failures are rather 
commonplace whereas spacecraft system failures are usually considered 
intolerable. 
During your presentation on the 23rd you stated that you felt chat
 
the SATS program should not compete with or impact the on-going ATS and
 
Nimbus programs. While I understand your rationale, I feel that the
 
SATS could supplement the ATS and Nimbus capabilities by accommodating
 
rejected category I experiments for which there were no satellite resources
 
available. Further, it occurs to me that the SATS program could provide
 
a vehicle by which phased procurement planning could be circumvented.
 
&sY U.S. Sat;;ngS BrJs _RCP1,y 02; t Payroll Savings ran 
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Subject; SATS Presentation Comments 
- As you may be aware, phased procurement planning has stretched the 
ATS FdG program to nearly tice the necessary program length. A Delta 
launched SATS could encompass satellites of 00 size and capability in 
near earth orb ts to near NAVSAT capability in geostationary orbiL
 
while circumventing phased procurement planning and providing a means 
to enable a more timely exploitation of applicationg in space. 
"4 -"'/ /
/ It, 
William> Gould I 
WIG: lac
 
cc: Dr. J.F. Clark
 
R. Stroud
 
S. Gubin
 
R.I. Schueebaum
 
0.R. Laughlin 
W.R. Bandeen 
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TO 
FROM 
Sujtca: 
os.. rOV 10. ' 
UNITED STATES GOVERNMENT 
Memorandum 
Natbers, GSFC Farth Resources Working Group DA2IZ April 27, 1970 
Chairman, C-SFC Earth Resources Working Group 
Minutes of the GSFC Eath Resources orking> Group Meeting on April 16, 1910 
The following agenda items were covered: 
A, Discussion of SiTS 
B, Review of the outline for FATS A and B follow-on missions, 
The ERTS A and B follw-on outline had been discussed Ln the Working
 
Group Meeting of February l. Re-visions to the outline were wade in this
 
meeting and the final version is being dlsvributed under separate cover.
 
SATS System Description 
Mr. Hymonitz and his staff lead the discussions on the Small Application 
Tecbn'oloz Sazelflte (SPITS). The fo!lr "e ex'rpts frcm his presentacion: 
SATS is being studied in response to Headquarters guidance uhicn Imlies 
that the rate of Application missions is too low. SATS would be an "Orbital 
F perrental Laboratory". The objective is to observe, on a test basis, 
unpredictable phenaena which am unique to the orbltal environmenr and 
not feasible to test outside that enviromient. Other objectives mentioned 
were opportunities for international cooperation, compression of the lead
 
tise between experiment selection and launch to about 6 to 12 months, and
 
the possibility of an emergency launch"capability in case of a major
 
observatory failure.
 
lnteEation time will be 3 to 6 tonths. Three spacecraft versions
 
are being considered: a low cost Scout launched spacecraft costing about
 
1 to 2 million dollars; a larger, more expenstive Delta launched spaceeraft
 
and a niggyback spacecraft on a Del-a launch vehicle, Spacecrafc subsystem
 
hardware will be based on existing structures and components. A reasonably
 
"standard" spacecraft design for each of tnh two launch vehicles is
 
anticipated. A package (PAC) already exists for the Delta pin-rback
 
configuration. The spacecraft is intended to be a fully instrLrnted
 
test platform to penrit extensive monitoring of all types of experiment
 
performance fmtions. For the Scout version, a payload weight of 75 to
 
80 lbs. and peak power of 70 watts for about 15% of the orbit is being
 
considered. A frequency of 4 Scout, 2 Delta, and 2 piggyback launches
 
per year totaling about 26 experiments rer year is antIcipated. This
 
cempares with some 25 to 36 experaments per year at present In the total
 
app] ications program.
 
Buy U.S. Savngs Be;rds Re .gvlaymn;ke Pay-oll Sangs TPh5y 
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SU&TV,]?,T 	 Yinutes of tne Earth Resoirces WorkiR,; Group Pleetini , 
on April 16, 1970 
9.2- or 1 Island Scout launches,Orbit aiclination would be about Wallops 
equatorial for Delta Uhl leunclies, or surn synchronous for both Scout and 
probablyDelta ITR 1-,viches. Attitude control wouId be by momentum wheel, 
ATented by gravity gradient. Stailization would ie ro one (s--rea With 
Po,,er would be fran solar padles. Housekeepilga rare of 	lol per second. 
beacon and video data rates, up tc, one megabictelemetry would, be via STADAN 
p-r second, could be transmitted via S-band on the Scouc spacecraft: greater 
data storage is being considered at this time and all data transmission would 
be in real ttna- No orbit adjost system is beirg considered, 
A reoport to Headquarters on the, study is due by 1 Many 1970. The first
 
launch is expected by July, 1973.
 
Lior Grous Consideratton of SATS 
T.he Working (r oup attempted to identify critical problems vhich are pecaflar
 
to Earth surface observation'syscens and wn ch might bQ resolved through SA3,.
 
to be in the areas of der,ntrattrC th has cAll these problems r;ere judged 

feasibiity of certain observations and of sensor perfoumance. T staa ',c, are,,
 
the Earth area on which the WorkinR, Croup felt thatthose probtern in esources 
SAS mijat -have 'saro bee-'n,. They are listed in crier of priorlity as jucir'Cd
 
by the Working GroQp wth regard to bozh, their significance and their
 
relationship to SATS.
 
of radiative coolers for irnfroard detectors n snacecraft1, i'erftituxe 
enn4r-c 	 t ' nhem i- a ;tua; g urTent oecause the cevelonrent of' 
TXsr-, YiXf 'th e)servation sensors tor lnmus E&F0 ZEUS B, a:id TS F rests
 
on! tha assuinpt fon that such cooling can be achieved. Recent results conclude
 
that ez:r'3-m.ntl tesos of coolers in orbit are required- In the Earth
 
function for SiTS woula be ObservationObservatLon progrea, the most useful 
missiorz, 	 such tests would have to be conduated In the very near flturo. 
Earth surface observations at lv sunanles. Elevation of the sun abov,2. 
n'F(--o-as-salFTs TV--F cai pa art-C-r in earth surface observazionsthe FiT-r-
because it controls the detection of topocaphlc effects and geolol,,c srructures 
on tl-e retuvned imagery. How;ever, there is little information available abcuL the 
effect of va-ying sun angle on the geological iuterpretaclon of returned Jinfgery. 
It is expected that the planned earth observatories will be in such orbits that 
low solar 	observations will nor be obtained. Observation of the earth's surface 
with a single imaging sensor on a SAPS, could provide valuable information on 
three aspects of the problem: (a) effect of varying sun sngle on evaluation arA (b) recognition of unique applications of low-sin­applications of earth imagery; 
angle Imagerj in geolo_r anq earth resources i,bich ,ricrh justify modification of 
future planned orbits; (c) collection of low-sun-angle iagery for geological 
not ',e duplicated urn other planned spacecraft.applications which .ay 
3. The de !on of 0optical tertals (dirors, gratngs, flters, etc.) 
In the space envirojPn,,t is a continuig problem for Farth observations. 
Tests cf contamination uncer u spacecraft conditions would be useful
 
and SA.0 coauld provide a wdcje opportunity for such tests,
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